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Linear Products 
Introduction 


National Semiconductor Corporation first established itself 
as the Linear Leader in 1967 with the introduction of the 
FIRST MONOLITHIC VOLTAGE REGULATOR . . . LM100. In 
the 20 years since, many of our products were firsts in per- 
formance and function. Today, this catalog spans the tradi- 
tional areas of Op Amps, Voltage Regulators, Voltage Refer- 
ences and Temperature Sensors, to Data Acquisition, Com- 
munication, Automotive, and Power Plus Control. National 
Semiconductor intends to remain a leader in the traditional 
product areas while forging ahead into VLSI solutions for an- 
alog problems and analog systems. 

You can rely on National LINEAR to develop the most com- 
prehensive product offering for use in the commercial, com- 
puter, automotive, telecommunication, industrial or military 
business segments. More than 1,000 basic LINEAR products 
(5400 options) allow design engineers to find the optimum 
Linear 1C solution from National Semiconductor. 

The Linear product line is presented in 3 Databooks. All sec- 
tions are referenced and cross-indexed to provide quick and 
easy access. The technical information and basic product 
specifications are presented in data sheet format, including 
maximum ratings, electrical characteristics, performance 
curves and package information. 

Additional application information is available as specific ap- 
plication notes or completely compiled in the LINEAR APPLI- 
CATIONS HANDBOOK. A product cross reference to the 
specific application note has been provided. This handbook 
and the 3-volume set of Linear Data Books represent a com- 
plete base of information to the National LINEAR product 
line. 
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Product Status Definitions 

Definition of Terms 


Data Sheet Identification 

Product Status 

Definition 

Advanced Information 

Formative or 

In Design 

This data sheet contains the design specifications for product 
development. Specifications may change in any manner without notice. 

Preliminary 

First 

Production 

This data sheet contains preliminary data and supplementary data will 
be published at a later date. National Semiconductor Corporation 
reserves the right to make changes at any time without notice in order 
to improve design and supply the best possible product. 

Wo 

identification 
. Noted '" 

Full 

Production 

This data sheet contains final specifications. National Semiconductor 
Corporation reserves the right to make changes at any time without 
notice in order to improve design and supply the best possible product. 

National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to 
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product 


or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others. 
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LF1 98A Monolithic Sample and Hold Circuits Linear 2 

LF21 1 Voltage Comparators 4-5 

LF255 Low Supply Current 2-23 

LF256 Wide Band 2-23 

LF257 Wide Band Decompensated (AVMIN = 5) 2-23 

LF298 Monolithic Sample and Hold Circuits Linear 2 

LF31 1 Voltage Comparators 4-5 

LF347 Wide Bandwidth Quad JFET Input Operational Amplifiers 2-14 

LF347A Wide Bandwidth Quad JFET Input Operational Amplifiers 2-14 

LF351 Wide Bandwidth JFET Input Operational Amplifier 2-38 

LF353 Wide Bandwidth Dual JFET Input Operational Amplifier 2-46 

LF355 Low Supply Current 2-23 

LF356 Wide Band 2-23 

LF357 Wide Band Decompensated (AVMIN = 5) 2-23 

LF398A Monolithic Sample and Hold Circuits Linear 2 

LF400C Fast Settling JFET Input Operational Amplifier 2-55 

LF401 Precision Fast Settling JFET Input Operational Amplifier 2-64 

LF41 1 Low Offset, Low Drift JFET Input Operational Amplifier 2-73 

LF412 Low Offset, Low Drift Dual JFET Operational Amplifier 2-80 

LF441 Low Power JFET Input Operational Amplifier 2-87 

LF442 Dual Low Power JFET Input Operational Amplifier 2-94 

LF444 Quad Low Power JFET Input Operational Amplifier 2-103 

LF455 Series Monolithic JFET Operational Amplifier 2-110 

LF456 Series Monolithic JFET Operational Amplifier 2-110 

LF457 Series Monolithic JFET Operational Amplifier 2-110 

LF1333 Quad SPST JFET Analog Switches Linear 2 

LF11201 Quad SPST JFET Analog Switches Linear 2 

LF1 1202 Quad SPST JFET Analog Switches Linear 2 

LF11331 Quad SPST JFET Analog Switches Linear 2 

LF1 1 332 Quad SPST JFET Analog Switches Linear 2 

LF1 3006 Digital Gain Set Linear 2 

LF1 3007 Digital Gain Set Linear2 

LF13201 Quad SPST JFET Analog Switches Linear 2 

LF 13202 Quad SPST JFET Analog Switches Linear 2 

LF13331 Quad SPST JFET Analog Switches Linear 2 

LF13333 Quad SPST JFET Analog Switches Linear 2 

LF13508 8-Channel Analog Multiplexer Linear 2 

LF13509 4-Channel Analog Multiplexer Linear 2 

LF13741 Monolithic JFET Input Operational Amplifier 2-112 

LH0002 Current Amplifier 3-5 

LH0003 Wide Bandwidth Operational Amplifier 2-124 

LH0004 High Voltage Operational Amplifier 2-127 

LH0020 High Gain Operational Amplifier 2-131 

LH0021 1.0 Amp Power Operational Amplifier 2-134 

LH0022 High Performance FET Op Amp 2-138 
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Alpha-Numeric Index (Continued) 


LH0023 Sample and Hold Circuits Linear 2 

LH0023C Sample and Hold Circuits Linear 2 

LH0024 High Slew Rate Operational Amplifier 2-150 

LH0032 Ultra Fast FET-Input Operational Amplifier 2-154 

LH0033 Fast Buffer Amplifiers 3-8 

LH0036 Instrumentation Amplifier 5-5 

LH0038 True Instrumentation Amplifier 5-14 

LH0041 0.2 Amp Power Operational Amplifier 2-134 

LH0042 Low Cost FET Op Amp 2-138 

LH0043 Sample and Hold Circuits Linear 2 

LH0043C Sample and Hold Circuits Linear 2 

LH0044 Series Precision Low Noise Operational Amplifiers 2-161 

LH0045 Two Wire Transmitter 2-169 

LH0052 Precision FET Op Amp 2-138 

LH0053 High Speed Sample and Hold Amplifier Linear 2 

LH0053C High Speed Sample and Hold Amplifier Linear 2 

LH0061 0.5 Amp Wide Band Operational Amplifier 2-181 

LH0062 High Speed FET Operational Amplifier 2-184 

LH0070 Series BCD Buffered Reference Linear 2 

LH0071 Series Precision Buffered Reference Linear 2 

LH0075 Positive Precision Programmable Regulator 1-23 

LH0076 Negative Precision Programmable Regulator 1-28 

LH0082 Optical Communication Receiver/Amplifier 2-193 

LH0084 Digitally-Programmable-Gain Instrumentation Amplifier 5-25 

LH0086 Digitally-Programmable-Gain Amplifier 2-207 

LH0091 True RMS to DC Converter Linear 2 

LH0094 Multifunction Converter Linear 2 

LH0101 Power Operational Amplifier 2-214 

LH4001 Wideband Current Buffer 3-19 

LH4002 Wideband Video Buffer 3-23 

LH4003 Precision RF Closed Loop Buffer 3-27 

LH4004 Wideband FET Input Buffer/ Amplifier 3-33 

LH4006 Precision RF Closed Loop Buffer 3-39 

LH4101 Wideband High Current Operational Amplifier 2-225 

LH41 01 C Wideband High Current Operational Amplifier 2-225 

LH4104 Fast Settling High Current Operational Amplifier 2-230 

LH4105 Precision Fast Settling High Current Operational Amplifier 2-236 

LM10 Op Amp and Voltage Reference 2-242 

LM1 1 Operational Amplifiers 2-259 

LM12(L) 150W Operational Amplifier 2-272 

LM34 Precision Fahrenheit Temperature Sensors Linear 2 

LM34A Precision Fahrenheit Temperature Sensors Linear 2 

LM34C Precision Fahrenheit Temperature Sensors Linear 2 

LM34CA Precision Fahrenheit Temperature Sensors Linear 2 

LM34D Precision Fahrenheit Temperature Sensors Linear 2 

LM35 Precision Fahrenheit Temperature Sensors Linear 2 

LM35A Precision Fahrenheit Temperature Sensors Linear 2 

LM35C Precision Fahrenheit Temperature Sensors Linear 2 

LM35CA Precision Fahrenheit Temperature Sensors Linear 2 

LM35D Precision Fahrenheit Temperature Sensors Linear 2 

LM78LXX Series 3-Terminal Positive Regulator 1-254 
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Alpha-Numeric Index (Continued) 


LM78XX Series Voltage Regulator 1-251 

LM79LXXAC Series 3-Terminal Negative Regulator 1-266 

LM79XX Series 3-Terminal Negative Regulator 1-259 

LM101A Operational Amplifiers 2-285 

LM102 Voltage Follower 3-45 

LM1 03 Reference Diode Linear 2 

LM 104 Negative Regulator 1-33 

LM105 Voltage Regulator 1-37 

LM106 Voltage Comparator 4-14 

LM107 Operational Amplifiers 2-295 

LM108 Operational Amplifiers 2-301 

LM108A Operational Amplifiers 2-308 

LM109 5-Volt Regulator 1-44 

LM110 Voltage Follower 3-51 

LM111 Voltage Comparator 4-18 

LM1 12 Operational Amplifiers 2-314 

LM1 1 3 Precision Reference Linear 2 

LM1 17 3-Terminal Adjustable Regulator 1-50 

LM117HV 3-Terminal Adjustable Regulator .1-61 

LM1 18 Operational Amplifiers 2-319 

LM1 19 High Speed Dual Comparator 4-31 

LM1 20 Series 3-Terminal Negative Regulator 1-71 

LM122 Precision Timer Linear 3 

LM123 3 Amp, 5-Volt Positive Regulator 1-80 

LM124 Low Power Quad Operational Amplifiers 2-329 

LM1 25 Voltage Regulators 1-85 

LM126 Voltage Regulators 1-85 

LM129 Precision Reference Linear 2 

LM131 Precision Voltage-to-Frequency Converters Linear 2 

LM131 A Precision Voltage-to-Frequency Converters Linear 2 

LM133 3-Amp Negative Adjustable Voltage Regulator 1-93 

LM1 34 3-Terminal Adjustable Current Sources Linear 2 

LM135 Precision Temperature Sensors Linear 2 

LM135A Precision Temperature Sensors Linear 2 

LM136-2.5V Reference Diode Linear 2 

LM1 36-5.0 V Reference Diode Linear 2 

LM1 37 3-Terminal Negative Adjustable Regulator 1-100 

LM137HV 3-Terminal Negative Adjustable Regulators (High Voltage) 1-106 

LM1 38 5 Amp Adjustable Power Regulator 1-112 

LM139 Low Power Low Offset Voltage Quad Comparators 4-37 

LM140 Series 3-Terminal Positive Regulators 1-123 

LM140L Series 3-Terminal Positive Regulators 1-131 

LM143 High Voltage Operational Amplifier 2-342 

LM144 High Voltage, High Slew Rate Operational Amplifiers 2-352 

LM145 Negative 3 Amp Regulator 1-135 

LM146 Programmable Quad Operational Amplifiers 2-359 

LM148 Quad 741 Op Amps 2-371 

LM149 Wide Band Decompensated (AV(MIN) = 5) 2-371 

LM1 50 3 Amp Adjustable Power Regulator 1-139 

LM158 Low Power Dual Operational Amplifiers 2-384 

LM160 High Speed Differential Comparator 4-49 
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Alpha-Numeric Index (Continued) 


LM161 High Speed Differential Comparator 4-53 

LM1 68 Precision Voltage Reference Linear 2 

LM1 69 Precision Voltage Reference Linear 2 

LM1 85 Adjustable Micropower Voltage References Linear 2 

LM1 85-1 .2 Micropower Voltage Reference Diode Linear 2 

LM1 85-2.5 Micropower Voltage Reference Diode Linear 2 

LM192 Low Power Operational Amplifier/ Voltage Comparator 2-397 

LM1 93 Low Power Low Offset Voltage Dual Comparator 4-58 

LM 1 94 Super Match Pair Linear 3 

LM1 95 Ultra Reliable Power Transistors Linear 3 

LM196 10 Amp Adjustable Voltage Regulator 1-151 

LM199 Precision Reference Linear 2 

LM201 A Operational Amplifiers 2-285 

LM204 Negative Regulator 1-33 

LM205 Voltage Regulator 1-37 

LM206 Voltage Comparator 4-14 

LM207 Operational Amplifiers 2-295 

LM208 Operational Amplifiers 2-301 

LM208A Operational Amplifiers 2-308 

LM210 Voltage Follower 3-51 

LM211 Voltage Comparator 4-18 

LM212 Operational Amplifiers 2-314 

LM218 Operational Amplifiers 2-319 

LM219 High Speed Dual Comparator 4-31 

LM221 Precision Preamplifiers 5-37 

LM224 Low Power Quad Operational Amplifiers 2-329 

LM231 Precision Voltage-to-Frequency Converters Linear 2 

LM231 A Precision Voltage-to-Frequency Converters Linear 2 

LM234 3-Terminal Adjustable Current Sources Linear 2 

LM235 Precision Temperature Sensors Linear 2 

LM235A Precision Temperature Sensors Linear 2 

LM236-2.5V Reference Diode Linear 2 

LM236-5.0V Reference Diode Linear 2 

LM239 Low Power Low Offset Voltage Quad Comparators 4-37 

LM246 Programmable Quad Operational Amplifiers 2-359 

LM248 Quad 741 Op Amps 2-371 

LM249 Wide Band Decompensated (AV(MIN) = 5) 2-371 

LM258 Low Power Dual Operational Amplifiers 2-384 

LM260 High Speed Differential Comparator 4-49 

LM261 High Speed Differential Comparator 4-53 

LM268 Precision Voltage Reference Linear 2 

LM285 Adjustable Micropower Voltage References Linear 2 

LM285-1.2 Micropower Voltage Reference Diode Linear 2 

LM285-2.5 Micropower Voltage Reference Diode Linear 2 

LM292 Low Power Operational Amplifier/Voltage Comparator 2-397 

LM293 Low Power Low Offset Voltage Dual Comparator 4-58 

LM295 Ultra Reliable Power Transistors Linear 3 

LM299 Precision Reference Linear 2 

LM301A Operational Amplifiers 2-285 

LM302 Voltage Follower 3-45 

LM304 Negative Regulator 1-33 
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Alpha-Numeric Index (Continued) 


LM305 Voltage Regulator 1-37 

LM305A Voltage Regulator 1-37 

LM306 Voltage Comparator 4-14 

LM307 Operational Amplifiers 2-295 

LM308 Operational Amplifiers 2-301 

LM308A Operational Amplifiers 2-308 

LM309 5-Volt Regulator 1-44 

LM310 Voltage Follower 3-51 

LM31 1 Voltage Comparator 4-18 

LM31 2 Operational Amplifiers 2-314 

LM313 Precision Reference Linear 2 

LM31 7 3-Terminal Adjustable Regulator 1-50 

LM317HV 3-Terminal Adjustable Regulator 1-61 

LM317L 3-Terminal Adjustable Regulator 1-163 

LM318 Operational Amplifiers 2-319 

LM319 High Speed Dual Comparator 4-31 

LM320 Series 3-Terminal Negative Regulator 1-71 

LM320L 3-Terminal Negative Regulator 1-174 

LM321 Precision Preamplifiers 5-37 

LM322 Precision Timer Linear 3 

LM324 Low Power Quad Operational Amplifiers 2-329 

LM325 Voltage Regulators 1-85 

LM326 Voltage Regulators 1-85 

LM329 Precision Reference Linear 2 

LM330 3-Terminal Positive Regulator 1-179 

LM331 Precision Voltage-to-Frequency Converters Linear 2 

LM331 A Precision Voltage-to-Frequency Converters Linear 2 

LM333 3-Amp Negative Adjustable Voltage Regulator 1-93 

LM334 3-Terminal Adjustable Current Sources Linear 2 

LM335 Precision Temperature Sensors Linear 2 

LM335A Precision Temperature Sensors Linear 2 

LM336-2.5V Reference Diode Linear 2 

LM336-5.0V Reference Diode Linear 2 

LM337 3-Terminal Negative Adjustable Regulator 1-100 

LM337HV 3-Terminal Negative Adjustable Regulators (High Voltage) 1-106 

LM337L 3-Terminal Adjustable Regulator 1-184 

LM338 5 Amp Adjustable Power Regulator 1-112 

LM339 Low Power Low Offset Voltage Quad Comparators 4-37 

LM340 Series 3-Terminal Positive Regulators 1-123 

LM340L Series 3-Terminal Positive Regulators 1-131 

LM343 High Voltage Operational Amplifier 2-342 

LM344 High Voltage, High Slew Rate Operational Amplifiers 2-352 

LM345 Negative 3 Amp Regulator 1-135 

LM346 Programmable Quad Operational Amplifiers 2-359 

LM348 Quad 741 Op Amps 2-371 

LM349 Wide Band Decompensated (AV(MIN) = 5) 2-371 

LM350 3 Amp Adjustable Power Regulator 1-139 

LM358 Low Power Dual Operational Amplifiers 2-384 

LM359 Dual, High Speed, Programmable Current Mode (Norton) Amplifier 2-401 

LM360 High Speed Differential Comparator 4-49 

LM361 High Speed Differential Comparator 4-53 
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Alpha-Numeric Index (Continued) 


LM363 Precision Instrumentation Amplifier 5-46 

LM368 Precision Voltage Reference Linear 2 

LM368-2.5 Precision Voltage Reference Linear 2 

LM369 Precision Voltage Reference Linear 2 

LM376 Voltage Regulator 1-37 

LM377 Dual 2-Watt Audio Amplifier Linear 3 

LM378 Dual 4-Watt Audio Amplifier Linear 3 

LM380 Audio Power Amplifier Linear 3 

LM381 Low Noise Dual Preamplifier Linear 3 

LM382 Low Noise Dual Preamplifier Linear 3 

LM383 7-Watt Audio Power Amplifier Linear 3 

LM384 5-Watt Audio Power Amplifier Linear 3 

LM385 Adjustable Micropower Voltage References Linear 2 

LM385-1 .2 Micropower Voltage Reference Diode Linear 2 

LM385-2.5 Micropower Voltage Reference Diode Linear 2 

LM386 Low Voltage Audio Power Amplifier Linear 3 

LM387 Low Noise Dual Preamplifier Linear 3 

LM388 1 .5-Watt Audio Power Amplifier Linear 3 

LM389 Low Voltage Audio Power Amplifier with NPN Transistor Array Linear 3 

LM390 1 -Watt Battery Operated Audio Power Amplifier Linear 3 

LM391 Audio Power Driver Linear 3 

LM392 Low Power Operational Amplifier/ Voltage Comparator 2-397 

LM393 Low Power Low Offset Voltage Dual Comparator 4-58 

LM394 Super Match Pair Linear 3 

LM395 Ultra Reliable Power Transistors Linear 3 

LM396 10 Amp Adjustable Voltage Regulator 1-151 

LM399 Precision Reference Linear 2 

LM555 Timer Linear 3 

LM555C Timer Linear 3 

LM556 Dual Timer Linear 3 

LM556C Dual Timer Linear 3 

LM565 Phase Locked Loop Linear 3 

LM565C Phase Locked Loop Linear 3 

LM566C Voltage Controlled Oscillator Linear 3 

LM567 Low Power Tone Decoder Linear 3 

LM567C Low Power Tone Decoder Linear 3 

LM581 Voltage Reference Precision 10-Volt Linear 2 

LM592 Differential Video Amplifier Linear 3 

LM604 4 Channel MUX-Amp 2-419 

LM607 Precision Operational Amplifier 2-432 

LM61 1 Adjustable Micropower Floating Voltage Reference and Single-Supply 

Operational Amplifier 2-438 

LM614 Adjustable Micropower Floating Voltage Reference and Four Single-Supply 

Operational Amplifiers 2-439 

LM621 Brushless Motor Commutator TC Linear 3 

LM622 Pulse Width Modulator Linear 3 

LM628 Precision Motion Controller Linear 3 

LM675 Power Operational Amplifier 2-440 

LM723 Voltage Regulator 1-186 

LM733 Differential Video Amplifier Linear 3 

LM733C Differential Video Amplifier Linear 3 


8 




Alpha-Numeric Index (Continued) 


LM741 Operational Amplifier 2-447 

LM831 Low Voltage Audio Power Amplifier Linear 3 

LM832 Dynamic Noise Reduction System DNR Linear 3 

LM833 Dual Audio Operational Amplifier 2-450 

LM837 Low Noise Quad Operational Amplifier 2-459 

LM903 Fluid Level Detector Linear 3 

LM1 035 Dual DC Operated Tone/Volume/Balance Circuit Linear 3 

LM1036 Dual DC Operated Tone/Volume/Balance Circuit Linear 3 

LM1037 Dual Four-Channel Analog Switch Linear 3 

LM1038 Dual Four-Channel Analog Switch Linear 3 

LM1040 Dual DC Operated Tone/Volume/Balance Circuit with Stereo Enhancement Facility Linear 3 

LM1042 Fluid Level Detector Linear 3 

LM1 044 Analog Video Switch Linear 3 

LM1 1 12A Dolby B-Type Noise Reduction Processor Linear 3 

LM1 131 A Dual Dolby B-Type Noise Reduction Processor Linear 3 

LM1 141 Dolby B-C Type Noise Reduction Processor Linear 3 

LM1201 Video Amplifier System Linear 3 

LM1203 RGB Video Amplifier System Linear 3 

LM1 21 1 Broadband Demodulator System Linear 3 

LM1391 Phase-Locked Loop Linear 3 

LM1458 Dual Operational Amplifier 2-465 

LM1496 Balanced Modulator Demodulator Linear 3 

LM1558 Dual Operational Amplifier 2-465 

LM1578 Switching Regulator 1-195 

LM1596 Balanced Modulator Demodulator Linear 3 

LM1800 Phase-Locked Loop FM Stereo Demodulator Linear 3 

LM1801 Battery Operated Power Comparator Linear 3 

LM1812 Ultrasonic Transceiver Linear 3 

LM1 81 5 Adaptive Sense Amplifier Linear 3 

LM1 81 8 Electronically Switched Audio Tape System Linear 3 

LM1 81 9 Air-Core Meter Driver Linear 3 

LM1 823 Video IF Amplifier/PLL Detection System Linear 3 

LM1 830 Fluid Detector Linear 3 

LM1837 Low Noise Preamplifier for Autoreversing Tape Playback Systems Linear 3 

LM1851 Ground Fault Interrupter Linear 3 

LM1863 AM Radio System for Electronically Tuned Radio Linear 3 

LM1865 Advanced FM IF System Linear 3 

LM1866 Low Voltage AM/FM Receiver Linear 3 

LM1868 AM/FM Radio System Linear3 

LM1870 Stereo Demodulator with Blend Linear 3 

LM1871 RC Encoder/Transmitter Linear 3 

LM1872 Radio Control Receiver/Decoder Linear 3 

LM1 875 20-Watt Power Audio Amplifier Linear 3 

LM1 877 Dual Power Audio Amplifier Linear 3 

LM1880 No-Holds Vertical/Horizontal Linear 3 

LM1881 Video Sync Separator Linear 3 

LM1 884 TV Stereo Decoder Linear 3 

LM1 886 TV Video Matrix D to A Linear 3 

LM1889 TV Video Modulator Linear3 

LM1 893 Biline Carrier Current Transceiver Linear 3 

LM1894 Dynamic Noise Reduction System DNR Linear 3 
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Alpha-Numeric Index (Continued) 


LM 1 895 Audio Power Amplifier Linear 3 

LM1 896 Dual Power Audio Amplifier Linear 3 

LM1897 Low Noise Preamplifier for Tape Playback Systems Linear 3 

LM1921 1 Amp Industrial Switch Linear 3 

LM1946 Over/Under Current Limit Diagnostic Circuits Linear 3 

LM1 949 Injector Drive Controller Linear 3 

LM1951 Solid State 1 Amp Switch Linear 3 

LM1964 Sensor Interface Amplifier Linear 3 

LM 1965 Advanced FM IF System Linear 3 

LM2002 8-Watt Audio Power Amplifier Linear 3 

LM2005 20-Watt Automotive Power Amplifier Linear 3 

LM2065 Advanced FM IF System Linear 3 

LM2578 Switching Regulator 1-195 

LM2877 Dual 4-Watt Power Audio Amplifier Linear 3 

LM2878 Dual 5-Watt Power Audio Amplifier Linear 3 

LM2879 Dual 8-Watt Audio Amplifier Linear 3 

LM2889 TV Video Modulator Linear 3 

LM2893 Biline Carrier Current Transceiver Linear 3 

LM2900 Quad Amplifiers 2-467 

LM2901 Low Power Low Offset Voltage Quad Comparators 4-37 

LM2902 Low Power Quad Operational Amplifiers 2-329 

LM2903 Low Power Low Offset Voltage Dual Comparator 4-58 

LM2904 Low Power Dual Operational Amplifiers 2-384 

LM2905 Precision Timer Linear 3 

LM2907 Frequency to Voltage Converter Linear 3 

LM291 7 Frequency to Voltage Converter Linear 3 

LM2924 Low Power Operational Amplifier/Voltage Comparator 2-397 

LM2925 Low Drop-Out Regulator with Delayed Reset 1-208 

LM2930 3-Terminal Positive Regulator 1-214 

LM2931 Series Low Drop-Out Regulator 1-219 

LM2935 Low Drop-Out Dual Regulator 1-225 

LM2940C 1 A Low Drop-Out Regulator 1-233 

LM2984C Microprocessor Power Supply System 1-238 

LM3045 T ransistor Arrays Linear 3 

LM3046 T ransistor Arrays Linear 3 

LM3080 Operational Transconductance Amplifier 2-485 

LM3080A Operational Transconductance Amplifier 2-485 

LM3086 Transistor Arrays Linear 3 

LM3089 FM Receiver IF System Linear 3 

LM3146 High Voltage Transistor Array Linear 3 

LM31 89 FM IF System Linear3 

LM3301 Quad Amplifiers 2-467 

LM3302 Low Power Low Offset Voltage Quad Comparators 4-37 

LM3361 A Low Voltage/Power Narrow Band FM IF System Linear 3 

LM3401 Quad Amplifiers 2-467 

LM3578 Switching Regulator 1-195 

LM3820 AM Radio System Linear 3 

LM3900 Quad Amplifiers 2-467 

LM3905 Precision Timer Linear 3 

LM3909 LED Flasher/Oscillator Linear 3 

LM3911 Temperature Controller Linear 2 
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Alpha-Numeric Index (Continued) 


LM391 4 Dot/Bar Display Driver Linear 3 

LM391 5 Dot/Bar Display Driver Linear 3 

LM391 6 Dot/Bar Display Driver Linear 3 

LM3999 Precision Reference Linear 2 

LM4250 Programmable Operational Amplifiers 2-489 

LM4500A High Fidelity FM Stereo Demodulator with Blend Linear 3 

LM61 13 High Speed Operational Amplifiers Plus Power Buffer 3-66 

LM6121 High Speed Buffer 3-67 

LM6125 High Speed Buffer 3-68 

LM6161 High Speed Operational Amplifiers 2-496 

LM61 61 /LM6261 /LM6361 High Speed Operational Amplifiers 2-496 

LM6164 High Speed Operational Amplifiers 2-500 

LM6164/LM6264/LM6364 High Speed Operational Amplifiers 2-500 

LM6165 High Speed Operational Amplifiers 2-504 

LM61 65/LM6265/LM6365 High Speed Operational Amplifiers 2-504 

LM6214 High Speed Operational Amplifiers Plus Power Buffer 3-66 

LM6221 High Speed Buffer 3-67 

LM6225 High Speed Buffer 3-68 

LM6261 High Speed Operational Amplifiers 2-496 

LM6264 High Speed Operational Amplifiers 2-500 

LM6265 High Speed Operational Amplifiers 2-504 

LM6314 High Speed Operational Amplifiers Plus Power Buffer 3-66 

LM6321 High Speed Buffer 3-67 

LM6325 High Speed Buffer 3-68 

LM6361 High Speed Operational Amplifiers 2-496 

LM6364 High Speed Operational Amplifiers 2-500 

LM6365 High Speed Operational Amplifiers 2-504 

LM 13080 Programmable Power Operational Amplifiers 2-508 

LM13600 Dual Operational Transconductance Amplifiers with Linearizing Diodes and Buffers 2-516 

LM13700 Dual Operational Transconductance Amplifier with Linearizing Diodes and Buffers 2-534 

LM18272 Dual Power Operational Amplifier 2-554 

LM 18293 Four Channel Push Pull Driver Linear 3 

LM18298 Dual Full-Bridge Driver Linear 3 

LMC555 CMOS Timer Linear 3 

LMC567 Low Power Tone Decoder Linear 3 

LMC568 Low Power Phase-Locked Loop Linear 3 

LMC660 CMOS Quad Operational Amplifier 2-555 

LMC668 Chopper Stabilized Operational Amplifier 2-559 

LMC669 Auto Zero 2-566 

LMC835 Digital Controlled Graphic Equalizer Linear 3 

LMC1 992 Computer Controlled Tone and Volume Circuits Linear 3 

LMC1993 Computer Controlled Tone and Volume Circuits Linear 3 

LMC7660 Switched Capacitor Voltage Converter 1-271 

LMC7669 Switched Capacitor Voltage Converter 1-271 

LMF60 6th Order LMCMOStm Switched Capacitor Butterworth Lowpass Filter Linear 2 

LMF90 4th-Order LMCMOStm Programmable Elliptic Notch Filter Linear 2 

LMF100 Universal Monolithic Dual Switched Capacitor Filter Linear 2 

LMF120 Mask Programmable Switched Capacitor Filter Linear 2 

LP124 Micropower Quad Operational Amplifier 2-580 

LP165 Micropower Programmable Quad Comparator 4-67 

LP311 Voltage Comparator 4-75 
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Alpha-Numeric Index (Continued) 


LP324 Micropower Quad Operational Amplifier 2-580 

LP339 Ultra-Low Power Quad Comparator 4-79 

LP365 Micropower Programmable Quad Comparator 4-67 

LP2902 Micropower Quad Operational Amplifier 2-580 

LP2950 5V Adjustable Micropower Voltage Regulator 1-280 

LP2951 Adjustable Micropower Voltage Regulator 1-280 

MF4 4th Order Switched Capacitor Butterworth Lowpass Filter Linear 2 

MF5 Universal Monolithic Switched Capacitor Filter Linear 2 

MF6 6th Order Switched Capacitor Butterworth Lowpass Filter Linear 2 

MF8 4th Order Switched Capacitor Bandpass Filter Linear 2 

MF10 Universal Monolithic Dual Switched Capacitor Filter Linear 2 

MM54HC401 6 Quad Analog Switch Linear 2 

MM54HC4051 8-Channel Analog Multiplexer Linear 2 

MM54HC4052 Dual 4-Channel Analog Multiplexer Linear 2 

MM54HC4053 Triple 2-Channel Analog Multiplexer Linear 2 

MM54HC4066 Quad Analog Switch Linear 2 

MM54HC4316 Quad Analog Switch with Level Translator Linear 2 

MM74C905 1 2-Bit Successive Approximation Register Linear 2 

MM74HC4016 Quad Analog Switch Linear 2 

MM74HC4051 8-Channel Analog Multiplexer Linear 2 

MM74HC4052 Dual 4-Channel Analog Multiplexer Linear 2 

MM74HC4053 Triple 2-Channel Analog Multiplexer Linear 2 

MM74HC4066 Quad Analog Switch Linear 2 

MM74HC4316 Quad Analog Switch with Level Translator Linear 2 

TBA1 20S IF Amplifier and Detector Linear 3 

TL081CP Wide Bandwidth JFET Input Operational Amplifier 2-587 

TL082CP Wide Bandwidth Dual JFET Input Operational Amplifier 2-594 
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National 

Semiconductor 

Corporation 


CROSS REFERENCE BY PART NUMBER 


A complete interchangeability list of Linear IC’s offered by most Integrated Circuit 
Manufacturers are listed in this section and reference the nearest National Semi- 
conductor Corp. direct replacement or recommended replacement with either an 
improved or functional replacement. The following notations are appended to as- 
sist you in finding the best option. 


No reference note “DIRECT REPLACEMENT” 

Note (1) “IMPROVED REPLACEMENT” Pin- 

for-Pin replacement with “SUPERI- 
OR” Electrical Specifications. 

Note (2) “FUNCTIONAL REPLACEMENT” 

Similar device. Consult datasheet to 
determine the suitability for specific 
application. 

Note (3) “SIMILAR DEVICE” with superior 

performance. Consult datasheet to 
determine suitability of the replace- 
ment for specific application. 


ANALOG 



DEVICES 

NATIONAL 


AD0P07 

LM607 

(D 

ADDAC-08 

DAC0800 


ADDAC-08 

DAC0801 


ADDAC-08 

DAC0802 


ADDAC80 

DAC1280+ 

(D 

ADDAC85 

DAC1280 + 

(D 

AD101A 

LM101A 

(D 

AD201A 

LM201A 

(D 

AD301A 

LM301A 

(D 

AD506 

LH0022 

(2) 

AD509 

LH0003 

(2) 

AD521 

LM363 

(2) 

AD521 

LH0036 

(2) 

AD524 

LH0038 

(2) 

AD537 

LM331 

(2) 

AD562 

DAC1266 

(3) 

AD563 

DAC1265 

(3) 

AD565A 

DAC1265 


AD566A 

DAC1266 


AD567 

DAC1230 

(2) 

AD573 

ADC1005 

(2) 

AD573 

ADC1025 

(2) 

AD581 

LM581 


AD581 

LH0070 

(D 

AD582 

LF398 

(2) 

AD583 

LF198 

(3) 

AD588 

LM369 

(2) 

AD589M 

LM385 

(D 

AD589U 

LM185 

(D 

AD590 

LM135 

(2) 

AD590 

LM34 

(3) 

AD590 

LM134 

(2) 

AD590 

LM35 

(3) 

AD611K 

LF411AC 

(D 

AD611J 

LF411C 

(D 

AD614 

LH0086 

(2) 


AD624 

LH0038 

(2) 

AD650 

LM331 

(2) 

AD651 

LM331 

(2) 

AD654 

LM331 

(2) 

AD673 

ADC0841 

(2) 

AD741 

LM741 


ADLH0032 

LH0032 

(2) 

ADLH0033 

LH0033 

(2) 

AD0042 

LH0042 

(2) 

AD3542 

LH0042 

(2) 

AD5035 

LH0042 

(2) 

AD7502 

LF13509 

(2) 

AD7516 

CO4066B 

(2) 

AD7523 

DAC0832 

(2) 

AD7523 

DAC0831 

(2) 

AD7523 

DAC0830 

(2) 

AD7524 

DAC0830 

(3) 

AD7524 

DAC0831 

(3) 

AD7524 

DAC0832 

(3) 

AD7533 

DAC1020 


AD7533 

DAC1022 


AD7533 

DAC1021 


AD7541A 

DAC1218 

(2) 

AD7541A 

DAC1219 

(2) 

AD7541 

DAC1219 

(D 

AD7541 

DAC1218 

(D 

AD7542 

DAC1210 

(2) 

AD7542 

DAC1209 

(2) 

AD7542 

DAC1208 

(2) 

AD7545 

DAC1209 

(2) 

AD7545 

DAC1210 

(2) 

AD7545 

DAC1208 

(2) 

AD7548 

DAC1230 

(2) 

AD7548 

DAC1232 

(2) 

AD7548 

DAC1231 

(2) 

AD7552 

ADC1225 

(2) 

AD7552 

ADC1205 

(2) 

AD7571 

ADC1005 

(2) 


AD7571 

ADC1025 

(2) 

AD7575 

ADC0820 

(2) 

AD7576 

ADC0820 

(2) 

AD7578 

ADC1225 

(2) 

AD7578 

ADC1205 

(2) 

AD7820 

ADC0820 


APEX 

NATIONAL 


PA01 

LM12 

(2) 

PA01 

LH0101 

(2) 

PA07 

LM12 

(2) 

PA10 

LM12 

(2) 

PA10 

LH0101 

(2) 

PA1 1 

LM12 

(2) 

PA51 

LM12 

(2) 

PA73 

LM12 

(2) 

BURR-BROWN 

NATIONAL 


SHC80 

LF398 

(2) 

SHC85 

LF398 

(2) 

HOS-IOO 

LH0033 

(2) 

INA102 

LH0038 

(2) 

SHC298A 

LF398A 

(D 

3507 

LM6361 

(2) 

3533 

LH0033 

(2) 

3542 

LH0042 

(2) 

3550 

LM6361 

(2) 

3551 

LM6361 

(2) 

3553 

LH0063 

(2) 

3554 

LH0032 

(2) 

3571 

LM675 

(2) 

3572 

LH0021 

(2) 

3573 

LM675 

(2) 

3606A6 

LH0084 

(2) 

3606A6 

LH0086 

(2) 

3626 

LH0036 

(2) 

3629 

LH0038 

(2) 


13 
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Cross Reference by Part Number 


CTS 

NATIONAL 


CTS0002 

LH0002 

(1) 

CTS0004 

LH0004 

(D 

CTS0021 

LH0021 

(D 

CTS0024 

LH0024 

(1) 

CTS0032 

LH0032 

(1) 

CTS0033 

LH0033 

(1) 

CTS0041 

LH0041 

(1) 

CTS0042 

LH0042 

(1) 

CTS2101A 

LH2101A 

(1) 

CTS2111 

LH2111 

(1) 

ELANTEC 

NATIONAL 


ELH0002 

LH0002 

(1) 

ELH0021 

LH0021 

(D 

ELH0032 

LH0032 

(D 

ELH0033 

LH0033 

(D 

ELH0041 

LH0041 

(D 

ELH0101 

LH0101 

(D 

EL2006C 

LM6261 

(2) 

EL2006 

LM6161 

(2) 

EHA2500 

LM6161 

(2) 

EHA2502 

LM6161 

(2) 

EHA2505 

LM6361 

(2) 

EHA2510 

LM6161 

(2) 

EHA2512 

LM6161 

(2) 

EHA2515 

LM6361 

(2) 

EHA2520 

LM6164 

(2) 

EHA2522 

LM6164 

(2) 

EHA2525 

LM6364 

(2) 

EHA2600 

LM6161 

(2) 

EHA2602 

LM6161 

(2) 

EHA2605 

LM6361 

(2) 

EHA2620 

LM6164 

(2) 

EHA2622 

LM6164 

(2) 

EHA2625 

LM6364 

(2) 

EXAR 

NATIONAL 


XR084M 

LF147 

(D 

XR084 

LF347 

(D 

XR146 

LM146 

(D 

XR246 

LM246 

(D 

XR346 

LM346 

(D 

XR-1001 

MF4C-100 

(D 

XR-1002 

MF4C-50 

(D 

XR1458 

LM1458 

(D 

FAIRCHILD 

NATIONAL 


jliA78XXKM 

LM140K-XX 

(D 

ja78LXXACH 

LM78LXXACH 

(D 

jm78XXUC 

LM340T-XX 

(D 

jui78XXUC 

LM78XXCT 

(D 

/xA78LXXACLP 

LM78LXXACZ 

(D 

jxA78LXXAWC 

LM78LXXACZ 

(D 

ju,78MXXCKC 

LM78XXCK 

(D 

jui78MXXCKC 

LM78MXXCT 

(D 

juiA78MXXUC 

LM341P-XX 

(D 

fxA78MXXCKC 

LM78XXCT 

(D 

jnA78XXKC 

LM340K-XX 

(D 

jnA79XXUC 

LM79LXXACZ 

(D 

jaA79XXUC 

LM79MXXCP 

(D 

jaA79XXCKC 

LM79XXCT 

(D 

jaA79XXCKC 

LM79MXXCP 

(1) 

fxA79XXUC 

LM79MXXCH 

(D 

|LtA79XXUC 

LM320T-XX 

(D 

jutA79XXCKC 

LM79MXXCH 

(D 

ju,A79XXCKC 

LM79LXXACZ 

(D 

jaA79MXXAUC 

LM320MP-XX 

(D 

jnA79XXKM 

LM120K-XX 

(D 


/aA79XXKC 

LM320K-XX 

(1) 

jnA79XXUC 

LM79XXCT 

(D 

juAIOIA 

LM101A 

(D 

jllA102 

LM102 

(D 

jliA105HM 

LM105H 

(D 

jllA107 

LM107 

(D 

jllA108A 

LM108A 

(D 

|llA108 

LM108 

(1) 

juA109KM 

LM109K STEEL 

(D 

jllAIIO 

LM110 

(D 

jllAI 1 1 

LM111 

(D 

jllAI 24 

LM124 

(D 

/xA139 

LM139 

(D 

jiiAl 39A 

LM139A 

(D 

ju,A201 A 

LM201A 

(1) 

ju,A207 

LM207 

(D 

jaA208 

LM208 

(D 

ju,A208A 

LM208A 

(D 

jaA21 1 

LM211 

(D 

ix A224 

LM224 

(D 

jjiA239 

LM239 

(1) 

}x A239A 

LM239A 

(1) 

jnA248 

LM248 

(D 

juA249 

LM249 

(D 

juiA301 A 

LM301A 

(D 

jwA302 

LM302 

(D 

juA304HC 

LM304H 

(D 

juA305HC 

LM305H 

(D 

jaA305AHC 

LM305AH 

(1) 

juA307 

LM307 

(D 

/xA308A 

LM308A 

(D 

juA308 

LM308 

(D 

jiiA309KC 

LM309K STEEL (1) 

juA310 

LM310 

(1) 

juA31 1 

LM311 

(1) 

jaA317KC 

LM317K STEEL 

(D 

juA317UC 

LM317T 

(D 

juA318 

LM318 

(D 

jaA324 

LM324 

(D 

ju.A339 

LM339 

(D 

JU/A339A 

LM339A 

(D 

ix A348 

LM348 

(D 

juA349 

LM349 

(D 

JU-A376TC 

LM376N 

(D 

juA555TC 

LM555CN 

(D 

ju,A556PC 

LM556CN 

(D 

juA709 

LM709 

(D 

ju,A709 

LM709 

(D 

juA710 

LM710 

(D 

JU-A710 

LM710 

(D 

fxA71 1 

LM711 

(D 

jaA714 

LM607 

(D 

juA723HM 

LM723H 

(D 

jaA723HC 

LM723CH 

(D 

ju,A723DC 

LM723CJ 

(D 

juA723MJ 

LM723J 

(D 

juA723CJ 

LM723CJ 

(D 

jaA723DM 

LM723J 

0) 

ju,A723PC 

LM723CN 

(D 

jxA723CN 

LM723CN 

(D 

jaA725 

LM725 

(D 

ix A725 

LM725 

(D 

ix A733CN 

LM733CN 

(D 

JU-A733 

LM733 

(D 

/J-A741 

LM741 

(D 

)lxA741 

LM741 

(D 

ix A747 

LM747 

(D 

JU.A747 

LM747 

(D 

/xA748 

LM748 

(D 


ix A748 

LM748 

(D 

ix A760 

LM760 

(D 

jnA771B 

LF411 

(D 

juA771 

LF351 

(D 

jmA771 A 

LF411 

(D 

juA772B 

LF412A 

(D 

ix A772 

LF353 

(D 

fx A772A 

LF412A 

(D 

ix A774 

LF347 

(D 

juiA774B 

LF347B 

(D 

ix A776 

LM4250 

(D 

|nA1458 

LM1458 

(D 

ju,C1496P 

LM1496N 

(D 

juiCI 496G 

LM1496H 

(D 

jmAI 558 

LM1558 

(D 

ju,C1596G 

LM1596H 

(D 

TDA2310 

LM381 

(D 

jaA2901 

LM2901 

(D 

fx A2902 

LM2902 

(D 

TCA3089 

LM3089N 

(D 

ju,A3301 

LM3301 

(D 

ix A3302 

LM3302 

(1) 

jaC4558CD 

LM833CN 

(D 

j^A7392 

LM1014 

(D 

HARRIS 

NATIONAL 


HA-OP07 

LM607 

(D 

HF-10 

MF10 


HI-201 

LF13201 


HI-300 

AH5020 

(2) 

LM741 

LM741 

(D 

HA2400 

LM604AM 

(2) 

HA2404 

LM604AM 

(2) 

HA2405 

LM604C 

(2) 

HA2406 

LM604C 

(2) 

HA2500 

LM6161 

(2) 

HA2502 

LM6161 

(2) 

HA2505 

LM6361 

(2) 

HA2510 

LM6161 

(2) 

HA2512 

LM6161 

(2) 

HA2515 

LM6361 

(2) 

HA2520 

LM6164 

(2) 

HA2520 

LH0003 

(1) 

HA2522 

LH0003 

(1) 

HA2522 

LM6164 

(2) 

HA2525 

LH0003 

(D 

HA2525 

LM6364 

(2) 

HA2530 

LH0024 

(2) 

HA2535 

LH0024 

(2) 

HA2540 

LH0032 

(2) 

HA2541-5 

LM6361 

(2) 

HA2541-2 

LM6161 

(2) 

HA2542 

LH0032 

(2) 

HA2542-2 

LM6164 

(2) 

HA2542-5 

LM6164 

(2) 

HA2600 

LM6161 

(2) 

HA2602 

LM6161 

(2) 

HA2605 

LM6361 

(2) 

HA2620 

LM6164 

(2) 

HA2622 

LM6164 

(2) 

HA2625 

LM6364 

(2) 

HA2640 

LH0004 

(D 

HA5033 

LH0033 

(D 

HA5162 

LH0062 

(2) 

A5180 

LH0052 

(D 

HEWLETT 

PACKARD 

NATIONAL 


HCTL-100 

LM628 

(3) 
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HITACHI 

NATIONAL 


MP156A 

LF156A 

(D 

LM330-XKC 

LM330T-XX 

(D 

HA13421A 

LM 18293 

(3) 

MP157 

LF157 

(D 

LM337H 

LM337H 

(D 

HA17082 

LF353 

(D 

MP157A 

LF157A 

(D 

LM337K 

LM337K STEEL (1) | 

HA17082A 

LF412 

(D 

MP208A 

LM208A 

(D 

LM337KC 

LM337T 

(D 

HA17084 

LF347 

(D 

MP208 

LM208 

(D 

LM337T 

LM337T 

(D 

HA17084A 

LF347B 

(D 

MP308 

LM308 

(D 

LM340T-XX 

LM340T-XX 

(1) 

HA17094 

LM2904 

(1) 

MP308A 

LM308A 

(1) 

LM340T-XX 

LM340K-XX 

(1) 

HA17301 

LM3301 

(D 

MP355A 

LF355A 

(D 

LM340-XXKC 

LM340T-XX 

(D 

HA17324 

LM324 

(D 

MP356A 

LF356A 

(D 

LM350T 

LM350T 

(D 

HA17339 

LM339 

(D 

MP357A 

LF357A 

(1) 

LM350K 

LM350K STEEL (1) 

HA17358 

LM358 

(D 

MP2108A 

LH2108A 

(1) 

LM350KC 

LM350T 

(D 

HA17393 

LM393 

(D 

MP5010H 

LM385 


LM350KA 

LM350K STEEL 

(D 

HA17458 

LM1458 

(D 

MP5010L 

LM385 


LM385 

LM385 


HA17741 

LM741 

(D 

MP5010G 

LM185 


AD562A 

DAC1266 

(2) 

HA17747 

LM747 

(1) 

MP5010H 

LM185 


AD563A 

DAC1265 

(2) 

HA17901 

LM2901 

(D 

MP5010L 

LM185 


jllPC741 

LM741 


HA17902 

LM2902 

(D 

MP5010G 

LM385 


MCI 408 

DAC0806 


HA17903 

LM2903 

(D 




MCI 408 

DAC0808 





MOTOROLA 

NATIONAL 


MCI 408 

DAC0807 


LINEAR 



DAC-08 

DAC0800 


MC1414 

LM1414 

(1) 

TECHNOLOGY 

NATIONAL 


DAC-08 

DAC0802 


MCI 436 

LM343 

(D 

REF-01 

LM168 

(1) 

DAC-08 

DAC0801 


MCI 458 

LM1458 

(D 

REF-01 

LM368 

(1) 

MC78XXACT 

LM340AT-XX 

(D 

MCI 496 

LM1446 


LM129 

LM129 


MC78XXCK 

LM78XXCK 

(D 

MCI 508 

DAC0808 


LM134 

LM134 


MC78LXXACP 

LM78LXXACZ 

(1) 

MC1514 

LM1514 

(1) 

LM185 

LM185 


MC78MXXCT 

LM78XXCK 

(1) 

MCI 536 

LM143 

(D 

LM199 

LM199 


MC78MXXCT 

LM341P-XX 

(D 

MCI 558 

LM1558 

(D 

LM234 

LM234 


MC78LXXACG 

LM78LXXCH 

(D 

MC1596G 

LM1596CH 

(D 

LM329 

LM329 


LM78XXCT 

LM78LXXCH 

(D 

MCI 709 

LM709 

(D 

LM334 

LM334 


MC78MXXCT 

LM78MXXCT 

(D 

MCI 709 

LM709 


LM385 

LM385 


MC78XXCT 

LM78XXCT 

(D 

MC1710 

LM710 


LM399 

LM399 


MC78LXXCP 

LM78LXXACZ 

(D 

MC1723CL 

LM723CJ 

(1) 

AD581 

LM581 


MX78MXXCT 

LM342P-XX 

(1) 

MC1723CG 

LM723CH 

(D 

AD581 

LH0070 


MC78LXXCG 

LM78LXXACH 

(1) 

MC1723CP 

LM723CN 

(D 

LT1001 

LM607A 

(D 

MC79XXCK 

LM320K-XX 

(D 

MC1723CL 

LM723CM 

(D 

LT1004C 

LM385 


MC79MXXCKC 

LM320MP-XX 

(1) 

MC1723L 

LM723J 

(D 

LT1004M 

LM185 


MC79XXCK 

LM79XXCK 

(D 

MC1723G 

LM723H 

(D 

LT1009M 

LM 136-2.5 


MC79XXCKC 

LM320T-XX 

(1) 

MC1733CG 

LM723CH 

(D 

LT1009C 

LM336-2.5 


LM79XXCP 

LM79XXCT 

(D 

MCI 741 

LM741 

(D 

LT1019C 

LM368 

(2) 

MC79XXCT 

LM79MXXCH 

(D 

MCI 741 

LM741 


LT1019M 

LM168 

(2) 

MC79LXXCP 

LM320LZ-XX 

(D 

MCI 747 

LM747 

(1) 

LT 1 020 

LP2951 

(3) 

MC79LXXACG 

LM320H-XX 

0) 

MCI 747 

LM747 


LT1021M 

LM169 

(1) 

MC79LXXCLP 

LM320LZ-XX 

(1) 

MCI 748 

LM748 


LT 1 021 C 

LM369 

(D 

MC79XXCT 

LM79MXXCP 

(1) 

LM2930-XKC 

LM2930T-XX 

(D 

LT1029M 

LM1 36-5.0 


MC79LXXACP 

LM79LXXACZ 

(1) 

MC3301 

LM3301 

(1) 

LT1029C 

LM336-5.0 


MC79LXXCP 

LM79LXXCZ 

(1) 

MC3302 

LM3302 

(1) 

LT1031 

LH0070 


MC79XXCT 

LM320T-XX 

(1) 

MC3361 

LM3361AN 

(D 




MC79XXCT 

LM79XXCT 

(1) 

MC3401 

LM3401 

(D 

LSI 



MC79XXCT 

LM79LXXACZ 

(1) 

MC3410 

DAC1020 

(2) 

COMPUTER 

NATIONAL 


LM79XXCP 

LM79LXXACZ 

0) 1 

MC3412 

DAC1265 

(D 

LS7261 

LM621 

(3) 

LM79XXCP 

LM79MXXCH 

(D 

MC3510 

DAC1020 

(2) 

LS7263 

LM621 

(3) 

LM79XXCP 

LM79MXXCP 

(D 

MC4741 

LM348 

(D 




LM109K 

LM109K STEEL (1) 

MCI 4442 

ADC0829 

(2) 

MICRA 

NATIONAL 


LM109H 

LM109H 

(D 

MCI 4444 

ADC0830 

(2) 

MC0002 

LH0002 

(D 

LM117H 

LM117K STEEL (1) 

MC34001 A 

LF411C 

(D 

MC0003 

LH0003 

(D 

LM123K 

LM123K STEEL (1) 

MC34001 B 

LF411C 

(D 

MC0004 

LH0004 

(1) 

LM137H 

LM137H 

(D 

MC34001 

LF351 

(D 

MC0032 

LH0032 

(D 

LM137K 

LM137K STEEL (1) 

MC34002B 

LF412C 

(D 

MC0033 

LH0033 

(D 

LM140K 

LM140K-XX 

(D 

MC34002 

LF353 

(D 

MC0041 

LH0041 

(D 

LM150K 

LM150K STEEL (1) 

MC34002A 

LF412A 

(D 

MC0063 

LH0063 

(D 

LM285 

LM285 


MC34004B 

LF347B 

(D 




LM309H 

LM309H 

(D 

MC34004 

LF347 

(D 

MICRO POWER 



LM309H 

LM309K 

(i) 

MC34004B 

LF147 

(D 

SYSTEMS 

NATIONAL 


LM309K 

LM309K STEEL (1) 

MC34004 

LF147 

(1) 

MPOP07 

LM607 

(D 

LM317H 

LM317H 

(D 

MC35001 

LF411M 

(1) 

MP108 

LM108 

(D 

LM317LZ 

LM317LZ 

(D 

MC35001A 

LF411M 

(1) 

MP108A 

LM108A 

(D 

LM317T 

LM317T 

(D 

MC35001B 

LF411M 

(D 

MP155A 

LF155A 

(D 

LM317KC 

LM317T 

(D 

MC35002B 

LF412M 

(1) 

MP155 

LF155 

(D 

LM317K 

LM317K STEEL (1) 

MC35002 

LF412M 

(D 

MP156 

LF156 

(D 

LM323K 

LM323K STEEL (1) 

MC35002A 

LF412AM 

(D 
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Cross Reference by Part Number 


MCI 45040 

ADC0811 

(2) 

PM-725 

LM725 


CA358 

LM358 

(D 

MCI 45041 

ADC0811 


PM741 

LM741 

(D 

CA741 

LM741 





PM-741 

LM741 


CA741 

LM741 

(D 

PRECISION- 



PM-747 

LM747 


CA747 

LM747 

(1) 

MONOLITHIC 



PM747 

LM747 

(1) 

CA747 

LM747 


INC. 

NATIONAL 


DAC888 

DAC0831 

(2) 

CA748 

LM748 

(D 

REF-01 J 

LM368-10 

(D 

DAC888 

DAC0832 

(2) 

juA748 

LM748 


REF-01 

LM369 

(D 

DAC888 

DAC0830 

(2) 

CA748 

LM748 


AMP-01 

LH0038 

(2) 

ADC910 

ADC1005 

(2) 

ADC0801 

ADC0801 


DAC-02 

DAC1022 

(2) 

ADC910 

ADC1025 

(2) 

ADC0802 

ADC0802 


DAC-02 

D AC 1020 

(2) 

DAC0812 

DAC1208 

(2) 

ADC0803 

ADC0803 


REF-02 

LM368-5.0 

(3) 

DAC0812 

DAC1209 


ADC0804 

ADC0804 


DAC-02 

DAC1021 

(2) 

DAC0812 

DAC1210 


CA1458 

LM1458 

(D 

DAC-03 

DAC1020 

(2) 

DAC1408 

DAC0806 

(2) 

CA1558 

LM1558 

(1) 

DAC-03 

DAC1022 

(2) 

D AC 1408 

DAC0808 

(2) 

CA3105 

LM675 

(2) 

BUF03 

LH0033 

(D 

DAC1408 

DAC0807 

(2) 

CA3290 

LF393 

(2) 

DAC-03 

DAC1021 

(2) 

PM2108A 

LH2108A 

(D 

CA3401 

LM3401 

(D 

OP05 

LM607 

(2) 

PM7533 

DAC1021 


IH5009 

AH5009 


DAC-05 

D AC 1020 

(2) 

PM7533 

DAC1020 


IH5010 

AH5010 


DAC-05 

DAC1021 

(2) 

PM7533 

D AC 1022 


IH5011 

AH5011 


DAC-05 

DAC1022 

(2) 

PM7541 

DAC1219 


IH5012 

AH5012 


SW06B 

LF11333 


PM7541 

DAC1218 


IH6108 

LF13508 


SW06G 

LF13333 





IH6208 

LF13509 


SW06F 

LF13333 


RAYTHEON 

NATIONAL 


ICL7114 

ADC1205 

(2) 

OP07 

LM607 . 

(1) 

REF-01 

LM369 

(D 

ICL7114 

ADC1225 

(2) 

DAC-08 

DAC0801 


REF-01 T 

LM368 

(D 

AD7520 

DAC1021 


DAC-08 

DAC0800 


REF-02 

LM368-5.0 

(3) 

AD7520 

D AC 1020 


MUX-08E 

LF13508 


REF-03 

LM368-2.5 

(D 

AD7520 

DAC1022 


DAC-08 

DAC0802 


LP365 

LP365 


AD7521 

DAC1221 


OP15 

LF411 

(D 

RC714 

LM607 

(D 

AD7521 

DAC1220 


MUX-24E 

LF13509 


RC741 

LM741 

(D 

AD7521 

DAC1222 


REF-43 

LM368-2.5 

(D 

RC741 

LM741 


AD7530 

DAC1020 

(3) 

OP77 

LM607 

(D 

RC747 

LM747 


AD7530 

DAC1021 

(3) 

OPIOO 

LH0052 

(2) 

RC747 

LM747 

(1) 

AD7530 

DAC1022 

(3) 

DAC100 

DAC1021 

(2) 

RC1458 

LM1458 

(D 

AD7531 

DAC1220 


DAC100 

DAC1020 

(2) 

RC1558 

LM1558 

(D 

AD7531 

DAC1221 


DAC100 

DAC1022 

(2) 




AD7531 

DAC1222 


OP105/111 

LH0052 

(2) 

RCA/ 



AD7533 

DAC1020 


PM108A 

LM108A 

(1) 

INTERSIL/G.E. 

NATIONAL 


AD7533 

DAC1021 


PM 108 

LM108 

(D 

CA081C 

TL081C 

(2) 

AD7533 

DAC1022 


PM 139 A 

LM139A 

(D 

CA081A 

LF411C 

(2) 

AD7541 

DAC1219 


PM139 

LM139 

(D 

CA081 

LF411M 

(2) 

AD7541 

DAC1218 


PM 155 

LF155 

(D 

CA081B 

LF411C 

(2) 

ICL7650 

LMC668 

(D 

PM 155 A 

LF155A 

(1) 

CA082C 

TL082C 

(2) 

ICL8069 

LM385-1.2 


PM156 

LF156 

(D 

CA082B 

LF412C 

(2) 

ICL8069 

LM313 


PM156A 

LF156A 

(D 

CA082 

LF412M 

(2) 

ICH8530 

LH0101 

(2) 

PM157 

LF157 

(1) 

CA082A 

LF412C 

(2) 




PM157A 

LF157A 

(D 

CA084B 

LF347B 

(2) 

SAMSUNG 

NATIONAL 


SW201G 

LF13201 


CA084 

LF147 

(2) 

LM741 

LM741 


SW201B 

LF11201 


CA084C 

LF347 

(2) 




SW201F 

LF13201 


CA124 

LM124 

(D 

SGS 

NATIONAL 


SW202B 

LF11202 


CA139 

LM139 

(D 

L78M12CV 

LM341P-12 

(D 

SW202F 

LF 13202 


CA139A 

LM139A 

(D 

L78M15CV 

LM341P-15 

(D 

SW202G 

LF13202 


CA158 

LM158 

(D 

L78S12CV 

LM340T-12 

(D 

PM208A 

LM208A 

(D 

CA158A 

LM158A 

(D 

L78S05CV 

LM340T-5.0 

(D 

PM208 

LM208 

(1) 

DG201 

LF11201 


L78S15CV 

LM340T-1 5 

(D 

OP215 

LF412 

(D 

DG211 

LF13201 


L78M05CV 

LM341 P-5.0 

(D 

PM308A 

LM308A 

(1) 

DG212 

LF13202 


LM117K 

LM117K 

(D 

PM308 

LM308 

(D 

CA224 

LM224 

(D 

L123CB 

LM723CN 

(D 

DAC312 

DAC1266 

(2) 

CA239 

LM239 

(D 

L272 

LM 18272 


PM339A 

LM339A 

(D 

CA239A 

LM239A 

(D 

L293 

LM18293 


PM355 

LF355 

(1) 

CA258 

LM258 

0) 

L298 

LM18298 


PM355A 

LF355A 

(D 

CA258A 

LM258A 

(1) 

LM317T 

LM317T 

(D 

PM356A 

LF356A 

(1) 

CA301A 

LM301A 

(1) 

LM317K 

LM317K 

(D 

PM356 

LF356 

(1) 

CA307 

LM307 

(1) 

LM748 

LM748 


PM357A 

LF357A 

(D 

CA311 

LM311 

(1) 

TDA2310 

LM381 


PM357 

LF357 

(1) 

CA324 

LM324 

(1) 

LM2930A 

LM2930T-5.0 

(D 

PM420 

LF124 

(D 

CA339A 

LM339A 

(1) 

LM2931A 

LM2931 AT-5.0 

(D 

OPA501/3573 

LH0101 

(2) 

CA339 

LM339 

(1) 

TCA3089 

LM3089 


PM725 

LM725 

(D 

CA358A 

LM358A 

(1) 

L7805CT 

LM7805CK 

(D 


16 




L7815CV 

LM7815CT 

(D 

L7905ACV 

LM320T-5.0 

(D 

L7905CT 

LM7905CK 

(1) 

L7905CV 

LM7905CT 

(D 

L7912CT 

LM7912CK 

(D 

L7912ACV 

LM320T-12 

(D 

L7915CT 

LM7915CK 

(1) 

L7915ACV 

LM320T-15 

(D 

SIEMENS 

NATIONAL 


TCA365 

LH0101 

(D 

SIGNETICS 

NATIONAL 


DAC-08 

DAC0802 


DAC-08 

DAC0801 


DAC-08 

DAC0800 


78LXXACS 

LM78XXACZ 

(D 

78LXXADB 

LM78XXACH 

(D 

78LXXCDB 

LM78LXXCH 

(D 

78LXXCS 

LM78LXXCZ 

(D 

78XXCU 

LM78XXCT 

(D 

78XXDA 

LM78XXCK 

(1) 

79XXDA 

LM79XXCK 

(D 

79XXCU 

LM79XXCT 

(D 

LM109DB 

LM109H 

(D 

TBA120S-4 

TBA120SIV 


TBA120S-3 

TBA120SIII 


TBA120S-2 

TBA120SII 


LF198 

LF198 


LF298 

LF298 


LM309DA 

LM309K 

(D 

LM309DB 

LM309H 

(D 

LM340XXLL 

LM340TXX 

(D 

LM340XXDA 

LM340KXX 

(1) 

LF398 

LF398 


NE529 

LM361 

(D 

SE529 

LM161 

(D 

SE532 

LM158 

(D 

SA532 

LM2904 

(D 

NE532 

LM358 

(D 

SA534 

LM2902 

(D 

NE555N 

LM555CN 


SE567 

LM567 

(2) 

jllA723CN 

LM723CN 

(D 

jllA723CL 

LM723CH 

(D 

ju,A723L 

LM723H 

(D 

jllA723CF 

LM723CJ 

(D 

jllA723F 

LM723J 

(D 

JU-A741 

LM741 


jaA747 

LM747 


ADC0801 

ADC0801 


ADC0802 

ADC0802 


ADC0803 

ADC0803 


ADC0804 

ADC0804 


ADC0805 

ADC0805 


MCI 408 

DAC0808 


MCI 408 

DAC0807 


MCI 408 

DAC0806 


MC1496N 

LM1496N 


MCI 508 

DAC0808 


MC1596K 

LM1596H 


NE4558D 

LM833CM 

(2) 

NE4558N 

LM833CN 

(2) 

NE4558 

LM833 

(2) 

NE5034 

ADC0841 

(2) 

SE5118 

DAC0830 

(2) 

NE5118 

DAC0830 

(2) 

NE5410 

DAC1020 

(2) 

SE5410 

DAC1020 

(2) 

NE5532P 

LM833CN 

(2) 


NE5532 

LM833 


NE5532N 

LM833CN 

(2) 

SILICON 

GENERAL 

NATIONAL 


SG101 

LM101A 

(1) 

SG101A 

LM101A 

(D 

SGI 07 

LM107 

(1) 

SGI 24 

LM124 

(D 

SG201 

LM201A 

(D 

SG201A 

LM201A 

(D 

SG207 

LM207 

(D 

SG224 

LM224 

(D 

SG301A 

LM301A 

(D 

SG307 

LM307 

(1) 

SG324 

LM324 

(D 

SG741 

LM741 

(D 

SG741 

LM741 

(D 

SGI 173 

LM675 

(2) 

SGI 436 

LM343 

(D 

SGI 536 

LM143 

(D 

SG3173 

LM675 

(2) 

SILICONIX 

NATIONAL 


DG201 

LF13201 


DG202 

LF13202 


DG211 

LF13201 


DG212 

LF13202 


DG508 

LF13508 


DG509 

LF13509 


SPRAGUE 

NATIONAL 


UDN22933 

LM 18293 


TELEDYNE 

NATIONAL 


TP0032 

LH0032 

(1) 

TP0033 

LH0033 

(D 

TEXAS 

INSTRUMENTS 

NATIONAL 


jaA78XXCKC 

LM78XXCT 

(1) 

juA78LXXACL 

LM78LXXACZ 

(1) 

juA78MXXCKD 

LM78MXXCP 

(1) 

jliA79MXXCKD 

LM79MXXCP 

(D 

jtiA79XXCKC 

LM79XXCT 

(D 

TL061A 

LF441 

(D 

TL061B 

LF441A 

(D 

TL061 

LF441 

(1) 

TL062A 

LF442 

(D 

TL062B 

LF442 

(D 

TL062 

LF442 

(D 

TL064A 

LF444 

(D 

TL064 

LF444 

(D 

TL071B 

LF411 

(D 

TL071A 

LF411 

(D 

TL071 

LF351 

(D 

TL072 

LF353 

(D 

TL072A 

LF412 

(D 

TL072B 

LF412 

(D 

TL074 

LF347 

(D 

TL074A 

LF347B 

(D 

TL081B 

LF411 

(D 

TL081 

TL081 

(D 

TL081A 

LF411 

(D 

TL082B 

LF412 

(D 

TL082A 

LF412 

(D 

TL082 

TL082 

(D 

TL084A 

LF347B 

(D 

TL084 

LF347 

(D 


TL087 

LF411A 

(D 

TL088 

LF411A 

(D 

TLC274BI 

LMC660AI 

(2) 

TLC274BM 

LMC660AM 

(2) 

TLC274M 

LMC660AM 

(2) 

TLC274AC 

LMC660AI 

(2) 

TLC274BC 

LMC660AI 

(2) 

TLC274AM 

LMC660AM 

(2) 

TLC274I 

LMC660AI 

(2) 

TLC274C 

LMC660C 

(2) 

TLC274AI 

LMC660AI 

(2) 

TL288 

LF412A 

(D 

LM317KC 

LM317T 

(D 

TL487N 

LM3915N 

(2) 

TL489N 

LM3914N 

(2) 

TL490N 

LM3914N 

(2) 

TL491N 

LM3914N 

(2) 

TL520 

ADC0848 

(2) 

TL521 

ADC0848 

(2) 

TL522 

ADC0848 

(2) 

TL530 

ADC0830B 


TL531 

ADC0830C 


TL532 

ADC0829B 


TLC532A 

ADC0829B 

(2) 

TLC533A 

ADC0829C 

(2) 

TL533 

ADC0829C 


TLC540 

ADC0811 

(2) 

TLC541 

ADC0811 


TLC549 

ADC0831 

(2) 

ju,A709 

LM709 


juA723CN 

LM723CN 

(D 

jwA723CJ 

LM723CJ 

(D 

juA723MJ 

LM723J 

(D 

/x A733CN 

LM733CN 


jllA741 

LM741 


ju,A747 

LM747 


ADC0801 

ADC0801 


ADC0802 

ADC0802 


ADC0803 

ADC0803 


ADC0804 

ADC0804 


ADC0805 

ADC0805 


ADC0808 

ADC0808 


ADC0809 

ADC0809 


ADC0831 

ADC0831 


ADC0832 

ADC0832 


ADC0834 

ADC0834 


ADC0838 

ADC0838 


RC4558 

LM833 


RV4558D 

LM833CM 


RC4558D 

LM833CM 


THOMSON 

NATIONAL 


LM105H 

LM105H 

(D 

LM109K 

LM109K STEEL (1) 

LM117K 

LM117K STEEL (1) 

LM117H 

LM117H 

0) 

LM123K 

LM123K STEEL (1) 

LM134 

LM134 


LM135 

LM135 


LM137K 

LM137K STEEL (1) 

LM137H 

LM137H 

(1) 

LM138K 

LM138K STEEL 

(D 

LF198 

LF198A 

(D 

LM234 

LM234 


LM235 

LM235 


LF298 

LF298 


LM305H 

LM305H 

(D 

LM309H 

LM309H 

(1) 

LM309K 

LM309K STEEL (1) 
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Cross Reference by Part Number 


LM317K 

LM317K STEEL (1) 

LM317H 

LM317H 

(D 

LM323K 

LM323K STEEL (1) 

LM334 

LM334 


LM335A 

LM335A 


LM335 

LM335 


LM337H 

LM337H 

(D 

LM337K 

LM337K STEEL (1) 

LM338K 

LM338K STEEL 

(1) 

LF398 

LF398A 

(D 

juA741 

LM741 


jmA748 

LM748 


TBC0136 

LM336 


juA7805CK 

LM7805KC 

(D 

juA7805MK 

LM140K-5.0 

(D 

jaA7812MK 

LM140K-12 

(D 

jaA7812CK 

LM7812KC 

(D 

jtxA7815CK 

LM7815KC 

(D 

jliA7815MK 

LM140K-15 

(D 

ju,A7905MK 

LM120K-5.0 

(D 

/xA7905CK 

LM7905KC 

(D 

ju,A7912MK 

LM120K-12 

(D 

jliA7912CK 

LM7912KC 

(D 

julA7915MK 

LM120K-15 

(D 

jnA7915CK 

LM7915KC 

(D 

TOSHIBA 

NATIONAL 


TA7504 

LM741 


TA75339 

LM2901 

(D 

TA75358 

LM2904 

(1) 

TA75393 

LM2903 

(1) 

TA75902 

LM2902 

(D 

UNITRODE 

NATIONAL 


L293 

LM 18293 


L298 

LM 18298 
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Active Filters— Definition of Terms 



National 

Semiconductor 

Corporation 


Active Filters 
Definition of Terms 


fci_K : the switched capacitor filter external clock frequency. 
f Q : center of frequency of the second order function com- 
plex pole pair. f 0 is measured at the bandpass output of 
each y 2 MF10, and it is the frequency of the bandpass peak 
occurrence. 

Q: quality factor of the 2nd order function complex pole pair. 
Q is also measured at the bandpass output of each y 2 MF1 0 
and it is the ratio of f 0 over the -3 dB bandwidth of the 2nd 
order bandpass filter. The value of Q is not measured at the 
lowpass or highpass outputs of the filter, but its value re- 
lates to the possible amplitude peaking at the above out- 
puts. 

h obp : the gain in (V/V) of the bandpass output at f = f 0 . 
h OLP : the gain in (V/V) of the lowpass output of each y 2 
MF10 at f — * 0 Hz. 


h OHP ; the gain in (V/V) of the highpass output of each y 2 
MFIOasf — ► fcLK/2. 

Qz: the quality factor of the 2nd order function complex zero 
pair, if any. (Qz is a parameter used when an allpass output 
is sought and unlike Q it cannot be directly measured), 
fz: the center frequency of the 2nd order function complex 
zero pair, if any. If fz is different from f 0 , and if the Qz is 

quite high it can be observed as a notch frequency at the 

allpass output. 

f no tch : the notch frequency observed at the notch output(s) 
of the MF10. 

Hon y the notch output gain as f — * 0 Hz. 

H 0 n 2 : the notch output gain as f — > fcLK^ 2 - 
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Corporation 


Active Filter Selection Guide 


Device # 

Type 

Function 

Max 

Order 

Max Freq 
Accuracy 

Freq 

Range 

Typ. Q 
Accuracy 

Max 

FxQ 

MFIO(S.T) 

Universal 

Universal 

4th 

±0.6% 

0.1-30 kHz 

±2% 

200 kHz 

MF8 (T) 

Bandpass 

Chebyshev 

Butterworth 

4th 

±1.0% 

0.1-20 kHz 

±2% 

5 MHz 

MF6 (S, T) 

Lowpass 

Butterworth 

6th 

±1.0 

0.1-20 kHz 

N/A 

N/A 

MF5 (S) 

Universal 

Universal 

2nd 

±1.0% 

0.1-30 kHz 

±6% 

200 kHz 

MF4 (S) 

Lowpass 

Butterworth 

4th 

±0.6% 

0.1-20 kHz 

N/A 

N/A 

*LMF100 

Universal 

Universal 

4th 

±0.6% 

40 kHz 

±2% 

1.8 MHz 

*LMF60 

Lowpass 

Butterworth 

6th 

±0.6% 

40 kHz 

N/A 

N/A 


S Surface Mount Available 
T Extended Temperature Available 
* Advance Information 
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Analog Switch — Definition of Terms 
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Corporation 


Analog Switch 
Definition of Terms 


Rqn= Resistance between the output and the input of an 
addressed channel. 

Is: Current at any switch input. This is leakage current when 
the switch is ON. 

Id: Current at any switch input going into the switch. This is 
leakage current when the switch is OFF. 

Cs: Capacitance between any open terminal “S” and 
ground. 

C D : Capacitance between any open terminal “D” and 
ground. 


■d“*S : Leakage current that flows from the closed switch 
into the body. This leakage is the difference between the 
current Ip going into the switch and the current Is going out 
of the switch. 

*RAN : Delay time when switching from one address state to 
another. 

toN : Delay time between the 50% points of an enable input 
and the switch ON condition. 

toFF* Delay time between the 50% points of the enable 
input and the switch OFF condition. 
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Analog Switch/Multiplexer Selection Guide 


Part Number 

Function 

Logic Input 

Vs 

(Typ) 



AH5011 

QUAD SPST 

TTL, CMOS 

— 

150/300 

100 

AH5012 


TTL, CMOS 

— 

150/300 

150 

CD4016 


CMOS 

±7.5 

20/40 

850 

CD4066 


CMOS 

±7.5 

25/50 

280 

LF11 201 /LF1 3201 


TTL 

±15 

90/500 

200 

LF1 1 202/LF1 3202 


TTL 

±15 

90/500 

200 

LF11 331 /LF1 3331 


TTL 

±15 

90/500 

200 

LF1 1332/LF13332 


TTL 

±15 

90/500 

200 

LF11333/LF13333 


TTL 

±15 

90/500 

200 

MM74HC4016 


CMOS 

±12 

5/8 

40 

AH5020 

DUALSPDT 

TTL, CMOS 

— 

150/300 

150 

CD4053 

TRIPLE SPDT 

CMOS 

±7.5 

160/75 

300 

MM74HC4053 


CMOS 

±6.0 

15/16 

40 

AH5009 

4-CHANNEL 

TTL, CMOS 

— 

150/300 

100 

AH5010 


TTL, CMOS 

— 

150/300 

150 

CD4052 

4-CHANNEL 

CMOS 

±7.5 

160/75 

300 

CD4529B 

DIFFERENTIAL 

CMOS 

±7.5 

50 

350 

LF13509 


TTL, CMOS 

±18 

1600/200 

350 

MM74HC4052 


CMOS 

±6.0 

15/16 

40 

CD4051 

8-CHANNEL 

CMOS 

±7.5 

160/75 

300 

CD4529B 


CMOS 

±7.5 

50 

350 

LF13508 


TTL, CMOS 

±18 

1600/200 

350 

MM74HC4051 


CMOS 

±6.0 

15/16 

40 
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Definition of Terms— A/D Converters 



National 

Semiconductor 

Corporation 


Definition Of Terms 
A/D Converters 


Conversion Time: The time required for a complete mea- 
surement by an analog-to-digital converter. 

DC Common-Mode Error: This specification applies to 
ADCs with differential inputs. It is the change in the output 
code that occurs when the analog voltages on the two in- 
puts are changed by an equal amount. It is expressed in 
LSBs. 

Differential Nonlinearity: Ideally, any two adjacent digital 
codes correspond to measured analog voltages that are ex- 
actly one LSB apart. Differential non-linearity is a measure 
of the worst case deviation from the ideal 1 LSB step. For 
example, a DAC with a 1 .5 LSB output change for a 1 LSB 
digital code change exhibits y 2 LSB differential non-linearity. 
Differential non-linearity may be expressed in fractional bits 
or as a percentage of full scale. A differential non-linearity 
greater than 1 LSB will lead to a non-monotonic transfer 
function in a DAC and missing codes in an ADC. 

Gain Error (Full Scale Error): For an ADC, the difference 
(usually expressed in LSBs) between the input voltage that 
should ideally produce a full scale output code and the actu- 
al input voltage that produces that code. For DACs, it is the 
difference between the output voltage (or current) with full 
scale input code and the ideal voltage (or current) that 
should exist with a full scale input code. 

Gain Temperature Coefficient (Full Scale Temperature 
Coefficient): Change in gain error divided by change in 
temperature. Usually expressed in parts per million per de- 
gree Celsius (ppm/°C). 

Integral Nonlinearity (Linearity Error): Worst case devia- 
tion from the line between the endpoints (zero and full 
scale). Can be expressed as a percentage of full scale or in 
fractions of an LSB. 

LSB (Least-Significant Bit): In a binary coded system this 
is the bit that carries the smallest value or weight. Its value 
is the full scale voltage (or current) divided by 2 n , where n is 
the resolution of the converter. 

Missing Codes: When an incremental increase or decrease 
in input voltage causes the converter to increment or decre- 
ment its numeric output by more than one LSB the convert- 
er is said to exhibit “missing codes”. If there are missing 
codes, there is a numeric value on the output on the con- 
verter which cannot be reached by any input voltage value. 
Monotonicity: A monotonic function has a slope whose 
sign does not change. A monotonic DAC has an output that 
changes in the same direction (or remains constant) for 
each increase in the input code. The converse is true for 
decreasing codes. 

MSB (Most Significant Bit): In a binary coded system this 
is the bit that has the largest value or weight. Its value is one 
half of full scale. 


Multiplying DAC: In a sense, every DAC is a multiplying 
DAC since the output voltage (or current) is equal to the 
reference voltage times a constant determined by the digital 
input code divided by 2 n (n is the number of bits of resolu- 
tion). In a two quadrant multiplying DAC the reference volt- 
age or the digital input code can change the output voltage 
polarity. If both the reference voltage and the digital code 
change the output voltage polarity four quadrant multiplica- 
tion exists. 

Offset Error (Zero Error): In a DAC, this is the output volt- 
age that exists when the input digital code is set to give an 
ideal output of zero volts. In the case of an ADC, this is the 
difference between the ideal input voltage (y 2 LSB) and the 
actual input voltage that is needed to make the transition 
from zero to 1 LSB. All the digital codes in the transfer curve 
are offset by the same value. Many converters allow nulling 
of offset with an external potentiometer. Offset error is usu- 
ally expressed in LSBs. 

Power Supply Rejection (Power Supply Sensitivity): The 

sensitivity of a converter to changes in the dc power supply 
voltages. 

Quantizing Error: The error inherent in all A/D conver- 
sions. Since even an “ideal” converter has finite resolution, 
any analog voltage that falls between two adjacent output 
codes will result in an output code that is inaccurate by up to 
y 2 LSB. 

Ratiometric Operation: Many A/D applications require a 
stable and accurate reference voltage against which the in- 
put voltage is compared. This approach results in an abso- 
lute conversion. Some applications, however, use trans- 
ducers or other signal sources whose output voltages are 
proportional to some external reference. In these ratiomet- 
ric applications, the reference for the signal source should 
be connected to the reference input of the converter. Thus, 
any variations in the source reference voltage will also 
change the converter reference voltage and produce an ac- 
curate conversion. 

Resolution: The smallest analog increment corresponding 
to a 1 LSB converter code change. For converters, resolu- 
tion is normally expressed in bits, where the number of ana- 
log levels is equal to 2 n . As an example, a 1 2-bit converter 
divides the analog signal into 2 12 = 4096 discrete voltage 
(or current) levels. 

Settling Time: The time from a change in input code until a 
DAC’s output signal remains within ± y 2 LSB (or some other 
specified tolerance) of the final value. 
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A/D Converter Selection Guide 

Part 

No. 

Resolution 

(Bits) 

Absolute 

Accuracy 

(Max) 

Conversion 

Time 

Input 

Voltage 

Range 

Output 

Logic 

Levels 

Supplies 

(V) 

Temperature 

Range* 

Package 

Comments 

M 

1 

c 

A/D CONVERTER 

ADC0800 

8 

±2 LSB 

50 jus 

±5V 

TTL, 

TRI-STATE 

+ 5, -12 

• 


• 

18-Pin DIP 


ADC0801 

8 

±V 4 LSB 

1 10 fJL s 

5V 

TTL, 

TRI-STATE 

+ 5 

• 

• 


20-Pin DIP 

Differential Input 

ADC0802 

8 

±y 2 LSB 

110 jULS 

5V 

TTL, 

TRI-STATE 

+ 5 

e 

• 

• 

20-Pin DIP 

20-Pin SO 

20-Pin PCC 

Differential Input 

ADC0803 

8 

±y 2 LSB 

1 10 juS 

5V 

TTL, 

TRI-STATE 

+ 5 

• 

o 

0 

20-Pin DIP 
20-Pin SO 
20-Pin PCC 

Differential Input 

ADC0804 

8 

±1 LSB 

110 jus 

5V 

TTL, 

TRI-STATE 

+ 5 


• 

• 

20-Pin DIP 

20-Pin SO 

20-Pin PCC 

Differential Input 

ADC0805 

8 

±1 LSB 

110 jus 

5V 

TTL, 

TRI-STATE 

+ 5 


• 


20-Pin DIP 

Ratiometric 

Operation 

ADC0808 

8 

±y 2 LSB 

100 jus 

5V 

TTL, 

TRI-STATE 

+ 5 

• 

• 


28-Pin DIP 

28-Pin PCC 

8-Channel MUX 

ADC0809 

8 

±1 LSB 

100 jus 

5V 

TTL, 

TRI-STATE 

+ 5 


• 


28-Pin DIP 

28-Pin PCC 

8-Channel MUX 

ADC0811B 

8 

±y 2 LSB 

32 jus 

5V 

TTL 

+ 5 


• 

e 

20-Pin DIP 

20-Pin PCC 

11 -Channel 

Serial I/O 

ADC0811C 

8 

±1 LSB 

32 jus 

5V 

TTL 

+ 5 


e 

• 

20-Pin DIP 

20-Pin PCC 

11 -Channel 

Serial I/O 

ADC0816 

8 

±y 2 LSB 

100 jus 

5V 

TTL, 

TRI-STATE 

+ 5 

• 

• 


40-Pin DIP 

16-Channel MUX 

ADC0817 

8 

±1 LSB 

100 jus 

5V 

TTL, 

TRI-STATE 

+ 5 


• 


40-Pin DIP 

16-Channel MUX 

ADC0819B 

8 

±y 2 LSB 

16 jus 

5V 

TTL 

+ 5 


• 

• 

28-Pin DIP 

28-Pin PCC 

1 9-Channel 

Serial I/O 

ADC0819C 

8 

±1 LSB 

16 jus 

5V 

TTL 

+ 5 


• 

• 

28-Pin DIP 

28-Pin PCC 

1 9-Channel 

Serial I/O 

ADC0820B 

8 

±y 2 LSB 

1.2 jus 

5V 

TTL, 

TRI-STATE 

+ 5 

o 

o 

• 

20-Pin DIP 

20-Pin SO 
20-Pin PCC 

Built-In Track and 

Hold Function 

ADC0820C 

8 

±1 LSB 

1.2 jus 

5V 

TTL, 

TRI-STATE 

+ 5 

• 

• 

• 

20-Pin DIP 

20-Pin SO 

20-Pin PCC 

Built-In Track and 

Hold Function 
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Absolute _ . Input Output _ 

. Conversion w ,V , . Supplies 

Accuracy Voltage Logic r. 

(Max) T,me Range Levels (V) 



Temperature 

Range* 



Package Comments 


5V TTL ’ + 5 

• 

28-Pin DIP AdditionalDi 9 ital 

TRI-STATE 


Input Capability 


ADC0829C 

8 

±1 LSB 

100 jus 

5V 











































































A/D Converter Selection Guide (continued) 

Part 

No. 

Resolution 

(Bits) 

Absolute 

Accuracy 

(Max) 

Conversion 

Time 

Input 

Voltage 

Range 

Output 

Logic 

Levels 

Supplies 

(V) 

Temperature 

Range* 

Package 

Comments 

M 

1 

C 

A/D CONVERTER (Continued) 

ADC1005C 

10 

±1 LSB 

50 jlls 

5V 

TTL, 

TRI-STATE 

+ 5 

• 

• 

• 

20-Pin DIP 

20-Pin PCC 

8-Bit Bus 
Compatible, 
Differential Input 

ADC1021C 

10 

±1 LSB 

200 jus 

5V 

TTL, 

TRI-STATE 

+ 5 


• 


24-Pin DIP 

Differential Input 

ADC1025B 

10 

±y 2 LSB 

50 JULS 

5V 

TTL, 

TRI-STATE 

+ 5 

• 

• 

• 

24-Pin DIP 

28-Pin PCC 

Differential Input 

ADC1025C 

10 

±1 LSB 

50 jjls 

5V 

TTL, 

TRI-STATE 

+ 5 

• 

• 

• 

24-Pin DIP 

28-Pin PCC 

Differential Input 

ADC1205B 

12 + sign 

±y 2 LSB 

100 /as 

±5V 

TTL, 

TRI-STATE 

+ 5, ±5 


• 

a 

24-Pin DIP 

8-Bit Bus 
Compatible, 
Differential Input 

ADC1205C 

12+ sign 

±1 LSB 

100 /as 

±5V 

TTL, 

TRI-STATE 

+ 5, ±5 


• 

a 

24-Pin DIP 

8-Bit Bus 
Compatible, 
Differential Input 

ADC1210 

12 

± 3 / 4 LSB 

200 /as 

10.2V 

CMOS 

+ 5 to ±15 

• 

• 


24-Pin DIP 


ADC1211 

12 

±2 LSB 

200 /as 

10.2V 

CMOS 

+ 5 to ±5 

• 

• 


24-Pin DIP 


ADC1225B 

12 + sign 

±y 2 LSB 

100 fxs 

+ 5V 

TTL, 

TRI-STATE 

+ 5, ±5 


• 

• 

28-Pin DIP 

Differential 

Input 

ADC1225C 

12+ sign 

±1 LSB 

100 jus 

±5V 

TTL, 

TRI-STATE 

+ 5, ±5 


• 

a 

28-Pin DIP 

Differential 

Input 

ADC3511 

3y 2 -Digit 

0.05% 

200 ms 

2V 

TTL, 

TRI-STATE 

+ 5 



a 

24-Pin DIP 

Integrating 
/aP Compatible 

ADC371 1 

3%-Digit 

0.05% 

400 ms 

2V 

TTL, 

TRI-STATE 

+ 5 



a 

24-Pin DIP 

Integrating 
jaP Compatible 

LM131 

V-F 

0.01% 

N/A 

> 

OJ 

1 

o 

£ 

Open 

Collector 

+ 5 to +40 

• 

• 

a 

8-Pin DIP or 
TO-99 Can 

Voltage-to- 

Frequency 

Converter 

100 kHz Max 

DIGITAL VOLTMETER 

ADD3501 

3y 2 -Digit 

0.05% 

200 ms 

2V 

7-Segment 
LED Drive 

+ 5 



a 

28-Pin DIP 

3y 2 -Digit 

LED DVM 


3y 2 -Digit 

0.05% 

400 ms 

2V 

7-Segment 
LED Drive 

+ 5 



a 

28-Pin DIP 

3 3 / 4 -Digit 

LED DVM 

♦Temperature ranges: "M" is -55°C to +125°C ambient; “1” is -40°C to +85°C or -25°C to +85°C; “C” is 0°C to +70°C. 
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Definition of Terms— D/A Converters 
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Corporation 


Definition of Terms 
D/A Converters 


Conversion Time: The time required for a complete mea- 
surement by an anaiog-to-digital converter. 

DC Common-Mode Error: This specification applies to 
ADCs with differential inputs. It is the change in the output 
code that occurs when the analog voltages on the two in- 
puts are changed by an equal amount. It is expressed in 
LSBs. 

Differential Nonlinearity: Ideally, any two adjacent digital 
codes correspond to measured analog voltages that are ex- 
actly one LSB apart. Differential non-linearity is a measure 
of the worst case deviation from the ideal 1 LSB step. For 
example, a DAC with a 1 .5 LSB output change for a 1 LSB 
digital code change exhibits y 2 LSB differential non-linearity. 
Differential non-linearity may be expressed in fractional bits 
or as a percentage of full scale. A differential non-linearity 
greater than 1 LSB will lead to a non-monotonic transfer 
function in a DAC and missing codes in an ADC. 

Gain Error (Full Scale Error): For an ADC, the difference 
(usually expressed in LSBs) between the input voltage that 
should ideally produce a full scale output code and the actu- 
al input voltage that produces that code. For DACs, it is the 
difference between the output voltage (or current) with full 
scale input code and the ideal voltage (or current) that 
should exist with a full scale input code. 

Gain Temperature Coefficient (Full Scale Temperature 
Coefficient): Change in gain error divided by change in 
temperature. Usually expressed in parts per million per de- 
gree Celsius (ppm/°C). 

Integral Nonlinearity (Linearity Error): Worst case devia- 
tion from the line between the endpoints (zero and full 
scale). Can be expressed as a percentage of full scale or in 
fractions of an LSB. 

LSB (Least-Significant Bit): In a binary coded system this 
is the bit that carries the smallest value or weight. Its value 
is the full scale voltage (or current) divided by 2 n , where n is 
the resolution of the converter. 

Monotonicity: A monotonic function has a slope whose 
sign does not change. A monotonic DAC has an output that 
changes in the same direction (or remains constant) for 
each increase in the input code. The converse is true for 
decreasing codes. 

MSB (Most Significant Bit): in a binary coded system this 
is the bit that has the largest value or weight. Its value is one 
half of full scale. 


Multiplying DAC: In a sense, every DAC is a multiplying 
DAC since the output voltage (or current) is equal to the 
reference voltage times a constant determined by the digital 
input code divided by 2 n (n is the number of bits of resolu- 
tion). In a two quadrant multiplying DAC the reference volt- 
age or the digital input code can change the output voltage 
polarity. If both the reference voltage and the digital code 
change the output voltage polarity, four quadrant multiplica- 
tion exists. 

Offset Error (Zero Error): In a DAC, this is the output volt- 
age that exists when the input digital code is set to give an 
ideal output of zero volts. In the case of an ADC, this is the 
difference between the ideal input voltage (y 2 LSB) and the 
actual input voltage that is needed to make the transition 
from zero to 1 LSB. All the digital codes in the transfer curve 
are offset by the same value. Many converters allow nulling 
of offset with an external potentiometer. Offset error is usu- 
ally expressed in LSBs. 

Power Supply Rejection (Power Supply Sensitivity): The 

sensitivity of a converter to changes in the dc power supply 
voltages. 

Quantizing Error: The error inherent in all A/D conver- 
sions. Since even an “ideal” converter has finite resolution, 
any analog voltage that falls between two adjacent output 
codes will result in an output code that is inaccurate by up to 
y 2 LSB. 

Ratiometric Operation: Many A/D applications require a 
stable and accurate reference voltage against which the in- 
put voltage is compared. This approach results in an abso- 
lute conversion. Some applications, however, use trans- 
ducers or other signal sources whose output voltages are 
proportional to some external reference. In these ratiomet- 
ric applications, the reference for the signal source should 
be connected to the reference input of the converter. Thus, 
any variations in the source reference voltage will also 
change the converter reference voltage and produce an ac- 
curate conversion. 

Resolution: The smallest analog increment corresponding 
to a 1 LSB converter code change. For converters, resolu- 
tion is normally expressed in bits, where the number of ana- 
log levels is equal to 2 n . As an example, a 12-bit converter 
divides the analog signal into 2 12 = 4096 discrete voltage 
(or current) levels. 

Settling Time: The time from a change in input code until a 
DAC’s output signal remains within ± y 2 LSB (or some other 
specified tolerance) of the final value. 


32 




5 


National 

Semiconductor 

Corporation 

D/A Converter Selection Guide 

Part 

No. 

Resolution 

(Bits) 

Linearity 
@25°C 
% (Max) 

Settling 

Time 

( + Y 2 LSB) 

Supplies 

(V) 

Temperature 

Range* 

Package 

Comments 

M 

1 

c 

ADC0852 

8 

0.19 


5 


• 

• 

8-Pin DIP 

DAC, Comparator, 
Serial Input 

ADC0854 




5 


• 

• 

14-Pin DIP 

DAC, Comparator, 
Serial Input 

DAC0800 

8 

0.19 

100 ns 

±5 to ±15 

• 


o 

16-Pin DIP 
16-Pin S.O. 

High-Speed 

Multiplying 

DAC0801 

8 

0.39 

100 ns 

±5 to ±15 

• 


• 

16-Pin DIP 
16-Pin S.O. 

High-Speed 

Multiplying 

DAC0802 

8 

0.10 

100 ns 

±5 to ±15 

o 


o 

16-Pin DIP 
16-Pin S.O. 

High-Speed 

Multiplying 

DAC0806 

8 

0.78 

150 ns 

±5 to ±15 



• 

16-Pin DIP 
16-Pin S.O. 

Multiplying 

DAC0807 

8 

0.39 

150 ns 

±5 to ±15 



• 

16-Pin DIP 
16-Pin S.O. 

Multiplying 

DAC0808 

8 

0.19 

150 ns 

±5 to ±15 

• 


• 

16-Pin DIP 
16-Pin S.O. 

Multiplying 

DAC0830 

8 

0.05 

1 JLtS 

5 to 15 

• 

• 

• 

20-Pin DIP 
20-Pin S.O. 
20-Pin PCC 

juP Compatible 

4-Quadrant 

Multiplying 

DAC0831 

8 

0.10 

1 jllS 

5 to 15 



• 

20-Pin DIP 

juP Compatible 

4-Quadrant 

Multiplying 

DAC0832 

8 

0.20 

1 jus 

5 to 15 


• 

• 

20-Pin DIP 
20-Pin S.O. 
20-Pin PCC 

juP Compatible 

4-Quadrant 

Multiplying 

DAC1000 

10 

0.05 

500 ns 

5 to 15 

e 

• 

• 

24-Pin DIP 

juP Compatible 
Double Buffered 

DAC1001 

10 

0.1 

500 ns 

5 to 15 



• 

24-Pin DIP 

juP Compatible 
Double Buffered 

DAC1002 

10 

0.2 

500 ns 

5 to 15 

• 

• 

• 

24-Pin DIP 

juP Compatible 
Double Buffered 

DAC1006 

10 



5 to 15 

• 

• 

• 

20-Pin DIP 

juP Compatible 
Double Buffered 

DAC1007 

10 

0.1 

500 ns 

5 to 15 


• 

• 

20-Pin DIP 

juP Compatible 
Double Buffered 

DAC1008 

10 

0.2 

500 ns 

5 to 15 

• 

• 

• 

20-Pin DIP 

jllP Compatible 
Double Buffered 
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D/A Converter Selection Guide (Continued) 


Part 

No. 

Resolution 

(Bits) 

Linearity 
@ 25°C 
% (Max) 

Settling 

Time 

(+V 2 LSB) 

Supplies 

(V) 

Temperature 

Range* 

Package 

Comments 


1 

C 1 

DAC1020 

10 




B 

• 

B 

16-Pin DIP 

4-Quadrant 

Multiplying 

DAC1021 

10 

0.1 



• 

• 

• 

16-Pin DIP 

4-Quadrant 

Multiplying 

DAC1022 

10 

0.2 



• 

B 

B 



DAC1208 

12 



5 to 15 

■ 

■ 

• 

24-Pin DIP 

jmP Compatible 

4-Quadrant 

Multiplying 

DAC1209 

12 

0.024 



■ 

■ 

■ 

24-Pin DIP 

jaP Compatible 

4-Quadrant 

Multiplying 

DAC1210 

12 

0.05 

1 JLtS 

5 to 15 


• 

• 

24-Pin DIP 

jaP Compatible 

4-Quadrant 

Multiplying 

DAC1218 

12 

0.012 

1 /AS 

5 to 15 


B 

B 

18-Pin DIP 

4-Quadrant 

Multiplying 

DAC1219 

12 

0.024 

1 JUS 

5 to 15 


B 

• 

18-Pin DIP 

4-Quadrant 

Multiplying 

DAC1220 

12 



5 to 15 

• 

• 

• 

18-Pin DIP 

4-Quadrant 

Multiplying 

DAC1221 

12 

0.1 





B 



DAC1222 

12 

0.2 

500 ns 

5 to 15 

B 

B 

• 

18-Pin DIP 

4-Quadrant 

Multiplying 

DAC1230 

12 





■ 

• 

20-Pin DIP 

jiaP Compatible 

4-Quadrant 

Multiplying 

DAC1231 

12 

0.024 

1 /AS 

5 to 15 


B 

■ 

20-Pin DIP 

jiaP Compatible 

4-Quadrant 

Multiplying 

DAC1232 

12 

0.05 

1 jUS 

5 to 15 

■ 

fl 

• 

20-Pin DIP 

jaP Compatible 

4-Quadrant 

Multiplying 


12 

0.006 

200 ns 

±15 

• 


• 

24-Pin DIP 

High-Speed 

DAC1265 

12 

0.012 


±15 

• 


• 

24-Pin DIP 

High-Speed 

DAC1266A 

12 

0.006 

200 ns 

± 12 to ±15 

• 


• 

24-Pin DIP 

High-Speed 

DAC1266 

12 

0.012 

200 ns 

± 12 to ±15 

• 


• 

24-Pin DIP 

High-Speed 


•Ambient temperature range for “M” is -55°C to +125°C, “I” is -25°C to +85°C or -40°C to +85°C, “C” 0°C to +70°C. 
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Sample and Hold 
Definition of Terms 


Acquisition Time: The time required to acquire a new ana- 
log input voltage with an output step of 10V. Note that ac- 
quisition time is not just the time required for the output to 
settle, but also includes the time required for all internal 
nodes to settle so that the output assumes the proper value 
when switched to the hold mode. 

Aperture Time: The delay required between “Hold” com- 
mand and an input analog transition, so that the transition 
does not affect the held output. 

Dynamic Sampling Error: The error introduced into the 
held output due to a changing analog input at the time the 
hold command is given. Error is expressed in mV with a 
given hold capacitor value and input slew rate. Note that 
this error term occurs even for long sample times. 


Gain Error: The ratio of output voltage swing to input volt- 
age swing in the sample mode expressed as a percent dif- 
ference. 

Hold Settling Time: The time required for the output to 
settle within 1 mV of final value after the “hold” logic com- 
mand. 

Hold Step: The voltage step at the output of the sample 
and hold when switching from sample mode to hold mode 
with a steady (DC) analog input voltage. Logic swing is 5V. 
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Sample and Hold Selection Guide 



LF198A 

LF398A 

LF198 

LF398 

LF298 

Units 

Accuracy 

Gain/Offset Error 

0.01 

0.01 

0.02 

0.02 

0.02 

% Max 

Offset Voltage 

2 

3 

5 

10 

5 

mV Max 

Droop Rate (25°C) 







C s = 1 000 pF 

30 


30 

30 

30 

mV/sec 

C s = 10000 pF 

3 


3 

3 

3 


Acquisition Time (25°C) 







C s = 1000 pF 

4 

4 

4 

4 

4 

jus 

C s = 1 0000 pF 

20 

20 

20 

20 

20 


Aperture Time (25°C) 

25 

25 

25 

25 

25 

ns 

Temperature Range 

-55 to +125 

Oto +70 

-55 to +125 

Oto +70 

-25 to +85 

°C 

Comment 

Low Drift 

Low Drift 

General 

Purpose 

General 

Purpose 

Low Drift 
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Part 

Temp. Range 

* Accuracy 

Output Scale 

LM34A 

— 50°F to +300°F 

±2.0°F 

10 mV/°F 

LM34 

— 50°F to +300°F 

±3.0°F 

10 mV/°F 

LM34CA 

— 40°F to +230°F 

±2.0°F 

10 mV/°F 

LM34C 

— 40°F to +230°F 

±3.0°F 

10 mV/°F 

LM34D 

+ 32°F to + 212°F 

±4.0°F 

10 mV/°F 

LM35A 

— 55°Cto + 150°C 

±1.0°C 

10 mV/°C 

LM35 

— 55°C to + 1 50°C 

±1.5°C 

10 mV/°C 

LM35CA 

— 40°C to + 110°C 

±1.0°C 

10 mV/°C 

LM35C 

— 40°C to +110°C 

±1.5°C 

10 mV/°C 

LM35D 

0°C to + 1 00°C 

±2.0°C 

10 mV/°C 

LM 134-3 

— 55°C to +125°C 

±3.0°C 

■SET «= °k 

LM 134-6 

— 55°C to +125°C 

±6.0°C 

•set « °k 

LM234-3 

— 25°C to +100°C 

±3.0°C 

•set « °k 

LM234-6 

— 25°C to +100°C 

±6.0°C 

•set « °k 

LM135A 

— 55°C to +150°C 

±1.3°C 

10 mV/°k 

LM135 

— 55°C to + 1 50°C 

±2.0°C 

10 mV/°k 

LM235A 

— 40°C to +125°C 

±1.3°C 

10 mV/°k 

LM235 

— 40°C to +125°C 

±2.0°C 

10 mV/°k 

LM335A 

— 40°C to + 100°C 

±2.0°C 

10 mV/°k 

LM335 

— 40°C to + 100°C 

±4.0°C 

10 mV/°k 

LM3911 

— 25°C to +85°C 

±10.0°C 

10 mV/°k (or°F) 


’Note: Accuracy is measured over T(Min) to T(Max) uncaiibrated 

Note: The LM1 34/234/334 3-Terminal Adjustable current sources Datasheet can be found in Linear 1, Section 1. 
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Shunt Type 


Reverse Breakdown 
Voltage (V R ) 

Device 

Operating 

Temp. 

Range* 

Voltage 
Tolerance 
Max, Ta = 25°C 

Temperature 

Drift 

Operating 
Current Range, Ip 

Output 

Dynamic 

Impedance 

(Typ) 

ppm/°C 

(Max) 

Over 

Range 

1.22 

LM113-2 

M 

±1% 

50 (Typ) 

— 55°C to +125°C 


0.8 

1.22 

LM113-1 

M 

±2% 

50 (Typ) 

— 55°Cto + 125°C 


0.8 

1.22 

LM113 

M 

±5% 


— 55°C to + 1 25°C 


0.8 

1.22 

LM313 

C 

±5% 


0°C to -f 70°C 


0.8 

1.235 

LM185BX-1.2 

M 

±1% 

30 

— 55°C to + 1 25°C 

10 jliA to 20 mA 

1 

1.235 

LM185BY-1.2 

M 

±1% 

50 

— 55°C to +125°C 

10 juA to 20 mA 

1 

1.235 

LM185-1.2 

M 

±1% 

150 

— 55°C to + 1 25°C 

10 ju.A to 20 mA 

1 

1.235 

LM285BX-1 .2 

1 

±1% 

30 

— 40°C to +85°C 

10 jliA to 20 mA 

1 

1.235 

LM285BY-1.2 

1 

±1% 

50 

— 40°C to +85°C 

10 jaA to 20 mA 

1 

1.235 

LM285-1.2 

1 

±1% 

150 

— 40°C to +85°C 

10 ju,A to 20 mA 

1 

1.235 

LM385BX-1 .2 

C 

±1% 

30 

0°Cto + 70°C 

1 5 jliA to 20 mA 


1.235 

LM385BY-1.2 

C 

±1% 

50 

0°C to +70°C 

1 5 jmA to 20 mA 

1 

1.235 

LM385B-1.2 

c 

±1% 

150 

0°C to +70°C 

15 jaA to 20 mA 

1 

1.235 

LM385-1.2 

c 

+ 2%, -2.4% 

150 

0°C to +70°C 

15 jllA to 20 mA 

1 

1.24 to 5.3 (Adj.) 

LM185B 

M 

±1% 

150 

-55°C to + 125°C 

1 0 jit A to 20 m A 

0.3 

1.24 to 5.3 (Adj.) 

LM185BX 

M 

±1% 

50 

— 55°C to + 125°C 

10 jmA to 20 mA 

0.3 

1.24 to 5.3 (Adj.) 

LM185BY 

M 

±1% 

50 

— 55°C to + 1 25°C 

10 juA to 20 mA 

0.3 

1.24 to 5.3 (Adj.) 

LM285BX 

1 

±1% 

30 

— 40°C to + 85°C 

10 jliA to 20 mA 

0.3 

1.24 to 5.3 (Adj.) 

LM285BY 

1 

±1% 

50 

— 40°C to +85°C 

10 jliA to 20 mA 

0.3 

1.24 to 5.3 (Adj.) 

LM285 

1 

±2% 

150 

— 40°Cto +85°C 

10 jaA to 20 mA 

0.3 

1.24 to 5.3 (Adj.) 

LM385BX 

C 

±1% 

30 

0°C to +70°C 

13 jmA to 20 mA 

0.3 

1.24 to 5.3 (Adj.) 

LM385BY 

c 

±1% 

50 

0°C to + 70°C 

1 3 |mA to 20 mA 

0.3 

1.24 to 5.3 (Adj.) 

LM385 

c 

±2% 

150 

0°C to + 70°C 

1 3 jliA to 20 mA 

0.3 

2.49 

LM136A 

M 

±1% 

72 

- 55°C to + 1 25°C 

400 jtxA to 1 0 mA 

0.4 

2.49 

LM136 

M 

+ 2% 

72 

— 55°C to + 125°C 

400 jmA to 1 0 mA 

0.4 

2.49 

LM236A 

1 

±1% 

72 

— 25°C to +85°C 

400 jmAto 10 mA 

0.4 

2.49 

LM236 

1 

±2% 

72 

— 25°C to +85°C 

400 jutAto 10 mA 

0.4 

2.49 

LM336 

1 

±4% 

54 

0°C to +70°C 

400 jmAto 10 mA 

0.4 

2.49 

LM336B 

C 

±2% 

54 

0°Cto + 70°C 

400 jmAto 10 mA 

0.4 

2.5 

LM185BX-2.5 

M 

±1.5% 

30 

— 55°C to +125°C 

20 jliA to 20 mA 

1 

2.5 

LM185BY-2.5 

M 

±1.5% 

50 

— 55°C to + 1 25°C 

20 jmA to 20 mA 

1 

2.5 

LM185B-2.5 

M 

±1.5% 

150 

— 55°C to + 1 25°C 

20 jrnA to 20 mA 

1 

2.5 

LM285BX-2.5 

1 

±1.5% 

30 

— 40°C to +85°C 

20 jliA to 20 mA 

1 

2.5 

LM285BY-2.5 

1 

±1.5% 

50 

— 40°C to + 85°C 

20 jxA to 20 mA 

1 

2.5 

LM285-2.5 

1 

±1.5% 

150 

— 40°C to +85°C 

20 jliA to 20 mA 

1 

2.5 

LM385BX-2.5 

C 

±1.5% 

30 

0°C to + 70°C 

20 jliA to 20 mA 

1 

2.5 

LM385BY-2.5 

C 

±1.5% 

50 

0°C to +70°C 

20 jliA to 20 mA 

1 

2.5 

LM385B-2.5 

c 

±1.5% 

150 

0°C to ±70°C 

20 jliA to 20 mA 

1 

2.5 

LM385-2.5 

c 

±3% 

150 

0°C to +70°C 

20 jliA to 20 mA 

1 
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Shunt Type (Continued) 


Reverse Breakdown 
Voltage (V R ) 


Operating 

Temp. 

Range* 


Voltage 

Tolerance 

Max, T a = 25°C ppm/°c 


Temperature 

Drift 



0 LM136A 

0 LM136 

0 LM236A 

0 LM236 

0 LM336B 

0 LM336 


LM129A 

LM129B 

LM129C 

LM329B 

LM329C 

LM329D 

LM199A 

LM199A-20 

LM199 

LM299A 

LM299A-20 

LM299 

LM399A 

LM399A-50 

LM399 

LM3999 


*C (Commercial) = 0°C to 70°C, I (Industrial) = 
M (Military) = -55°C to +125°C 


Current References 



Over 

Range 

— 55°C to + 1 25°C 

— 55°C to +125°C 
— 25°C to + 85°C 

— 25°C to +85°C 
0°C to +70°C 
0°C to + 70°C 


55°C to + 125°C 
55°C to + 1 25°C 
55°C to + 1 25°C 
0°C to + 70°C 
0°C to +70°C 
0°Cto + 70°C 


Operating 
Current Range, l R 


400 jllA to 1 0 m A 
400 jaA to 1 0 mA 
400 jaA to 1 0 mA 
400 jaAto 10 mA 
400 /xAto 10 mA 
400 jaA to 1 0 mA 


600 jaAto 15 mA 
600 jaA to 1 5 mA 
600 jaA to 1 5 mA 
600 jaA to 1 5 mA 
600 jaA to 1 5 mA 
600 jaA to 1 5 mA 


Output 

Dynamic 

Impedance 

(Typ) 


±2% 0.5 — 55°C to + 1 25°C 500 jaAto 10 mA 

Same as LM199A with 20 ppm guaranteed long term drift. 

±2% 1.0 — 55°C to + 125°C 500 jaAto 10 mA 

±2% 0.5 — 25°C to +85°C 500 jaAto 10 mA 

Same as LM299A with 20 ppm guaranteed long term drift. 

±2% 1 — 25°C to +85°C 500 jaAto 10 mA 

±5% 1 0°C to + 70°C 500 jaA to 1 0 mA 

Same as LM399A with 50 ppm guaranteed long term drift. 

±5% 2 0°C to + 70°C 500 /xA to 10 mA 

±5% 5 0°C to + 70°C 600 jaA to 1 0 mA 


) +85°C for the LM236 and LM299, ! 


-40°C to +85°C for all others. 



2 jaA to 1 0 mA 

LM134 

— 55°C to + 1 25°C 

±8% 

± 

2 jaA to 1 0 m A 

LM 134-3 

— 55°C to + 1 25°C 

N/A 

± 

2 jaA to 10 mA 

LM 134-6 

— 55°C to +125°C 

N/A 

± 

2 jaA to 1 0 mA 

LM234 

— 25°C to +100°C 

±8% 

± 

2 jaA to 1 0 mA 

LM234-3 

— 25°C to + 100°C 

N/A 

± 

2 jaA to 1 0 mA 

LM234-6 

— 25°C to + 100°C 

N/A 

± 

2 jaA to 10 mA 

LM334 

0°C to +70°C 

±12% 

± 



IV to 40V 
IV to 40 V 
IV to 40 V 
IV to 40 V 
IV to 40 V 
IV to 40 V 
IV to 40 V 


Set Current 
Temperature 
Dependence* 

0.96T to 0.1 04T 
0.98T to 0.1 02T 
0.97T to 0.1 03T 
0.96T to 0.1 04T 
0.98T to 0.1 02T 
0.97T to 0.1 03T 
0.96T to 0.1 04T 
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Voltage Reference Selection Guide 


Series Type (Buffered Output) 


Output 

Voltage 

Device 

Oper. 

Temp. 

Range* 

Voltage 
Tolerance 
Max, Ta = 25° C 

Temperature 

Drift 

Load Reg. 
ppm/mA 

Over 

Current 

Range 

Quiescent 

Current 

(mA) 

ppm/°C 

(Max) 

Over 

Range 

2.5 

LM368Y-2.5 

C 

±0.2% 

20 

0°C to +70°C 

25 

0 mA to + 1 0 m A 

0.55 

2.5 

LM368-2.5 

C 

±0.2% 

30 

0°C to +70°C 

25 

0 mA to +10 mA 

0.55 

5.0 

LM168BY-5.0 

M 

±0.05% 

10 

— 55°C to + 125°C 

10 

-10 mAto +10 mA 

0.35 

5.0 

LM268BY-5.0 

1 

±0.05% 

15 

— 40°C to + 85°C 

10 

-10 mAto +10 mA 

0.35 

5.0 

LM368BY-5.0 

C 

±0.1% 

20 

0°C to + 70°C 

10 

— 1 0 m A to + 1 0 mA 

0.35 

5.0 

LM368-5.0 

c 

±0.1% 

30 

0°C to + 70°C 

10 

— 10 mAto + 10 mA 

0.35 

10 

LM169B 

M 

±0.05% 

3 

— 55°C to + 125°C 

8 

-10 mAto +10 mA 

1.8 

10 

LM168BY-10 

M 

±0.05% 

10 

— 55°C to + 125°C 

10 

— 10 mAto + 10 mA 

0.35 

10 

LH0070-2 

M 

±0.05% 

8 

— 40°C to + 85°C 

60 

0 to 5 mA 

5 

10 

LM169 

M 

±0.05% 

5 

— 55°C to + 125°C 

8 

-10 mAto +10 mA 

1.8 

10 

LM581U 

M 

±0.05% 

10 

— 55°Cto + 125°C 

50 

0 mA to 5 mA 

1.8 

10 

LH0070-0 

M 

±0.1% 

40 

— 40°C to +85°C 

60 

0 mA to 5 mA 

5 

10 

LM581T 

M 

±0.1% 

10 

— 55°C to + 1 25°C 

50 

0 mA to 5 mA 

1.8 

10 

LH0070-1 

M 

±0.1% 

20 

— 40°C to + 85°C 

60 

0 mA to 5 mA 

5 

10 

LM581S 

M 

±0.3% 

30 

— 55°C to + 125°C 

50 

0 mA to 5 mA 

1.8 

10 

LM268BY-10 

1 

±0.05% 

15 

— 40°C to + 85°C 

10 

-10 mAto +10 mA 

0.35 

10 

LM581L 

C 

±0.05% 

5 

0°C to + 70°C 

50 

0 mA to 5 mA 

1.8 

10 

LM369C 

C 

±0.05% 

10 

0°C to +70°C 

8 

- 1 0 mA to + 1 0 mA 

1.8 

10 

LM369 

c 

±0.05% 


0°C to + 70°C 

8 

- 1 0 mA to + 1 0 mA 

1.8 

10 

LM369B 

c 

±0.05% 


0°Cto +70°C 

8 

- 1 0 mA to + 1 0 m A 

1.8 

10 

LM581K 

c 

±0.1% 


0°Cto + 70°C 

50 

0 mA to 5 mA 

1.8 

10 

LM368Y-10 

c 

±0.1% 


0°C to + 70°C 

10 

- 1 0 mA to + 1 0 mA 

0.35 

10 

LM368-10 

c 

±0.1% 


0°C to +70°C 

10 

- 1 0 mA to + 1 0 mA 

0.35 

10 

LM369D 

c 

±0.1% 


0°Cto + 70°C 

8 

-10 mAto +10 mA 

2 

10 

LM581J 

c 

±0.3% 


0°Cto + 70°C 

50 

0 mA to 5 mA 

1.8 

10.24 

LH0071-2 

M 

±0.05% 

8 

— 40°C to + 85°C 

60 

0 mA to 5 mA 

5 

10.24 

LH0071-1 

M 

±0.1% 

20 

— 40°C to + 85°C 

60 

0 mA to 5 mA 

5 

10.24 

LH0071-0 

M 

±0.1% 

30 

-40°C to + 85°C 

60 

0 mA to 5 mA 

5 


*C (Commercial) = 0°C to 70°C, I (Industrial) = -40°C to +85°C, M (Military) = -55°C to + 125°C 


Low Current Reference Diodes 


Output 

Voltage 

Device 

Operating 

Temp. 

Range* 

Voltage 

Tolerance 

Max, Ta = 25°C 

Temperature 

Drift 

Operating 
Current Range, Ip 

Output 

Dynamic 

Impedance 

(Typ) 

ppm/°C 

(Max) 

Over 

Range 

3.0 

LM 103-3.0 

M 

±10% 

-1700 

— 55°C to + 1 25°C 

1 0 jaA to 10 mA 

25 

3.3 

LM1 03-3.3 

M 

±10% 

-1500 

— 55°C to + 1 25°C 

10 jaAto 10 mA 

25 

3.6 

LM1 03-3.6 

M 

±10% 

-1400 

— 55°C to + 1 25°C 

10 jmAto 10 mA 

25 

3.9 

LM1 03-3.9 

M 

±10% 

-1300 

— 55°C to + 1 25°C 

10 juA to 10 mA 

25 


*M (Military) = -55°Cto +125°C 
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“Reference Grade” Voltage Regulators* 


Output 

Voltage 

Device 

Operating 

Temperature 

Range 

Voltage 
Tolerance 
Max, Ta = 25°C 

Output 
Variation 
Over Operating 
Range 

Load Reg. 
ppm/mA 

Line Reg. 
ppm/V 

Output 

Current 

(Max) 

Quiescent 

Current 

Adjustable: 

LP2951 

— 55°C to +150°C 

±0.5% 

±0.5% 

100 

42 

100 mA 

120 jliA 

1.235V to 30V 

LP2951AC 

— 40°C to +125°C 

±0.5% 

±0.5% 


42 

100 mA 

120 /I A 


LP2951C 

— 40°C to +125°C 

±1% 

±1% 

200 

83 

100 mA 

120 /x A 

Programmable: 

LH0075 

— 55°C to + 125°C 

±0.5% 

±0.14% (Typ) 

■■ 

■9 

200 mA 

8 mA 

5V, 6V, 10V, 12V, 15V 

LH0075C 

0°C to +70°C 

±1% 

±0.3% (Typ) 

— 

■ 

200 mA 

10 mA 

Programmable 
— 5V, — 6V, -10V 

LH0076 

— 55°C to + 1 25°C 

±0.5% 

±0.14% (Typ) 

n 


200 mA 


-10V, -15V 

LH0076C 

0°C to +70°C 

±1% 

±0.3% (Typ) 

wM 


200 mA 


5V 

LP2950AC 

— 40°C to + 125°C 

±0.5% 

±0.5% 

100 

42 

100 mA 

120 fxA 

5V 

LP2950C 

— 40°C to + 1 25°C 

±1% 

±1% 

200 

83 

100 mA 

120 juA 


*For more information on these circuits, refer to the Voltage Regulator section of the Databook. 
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Audio Circuits— Definition of Terms 



National 

Semiconductor 

Corporation 


Audio Circuits 
Definition of Terms 


Amplifier 
Class A 

A class A transistor audio amplifier refers to an amplifier 
with a single output device that has a collector flowing for 
the full 360° of the input cycle. 

Class B 

The most common type of audio amplifier that basically con- 
sists of two output devices each of which conducts for 1 80° 
of the input cycle. 

Class C 

In a class C amplifier the collector current flows for less than 
180°. Although highly efficient, high distortion results and 
the load is frequently tuned to minimize this distortion (pri- 
marily used in R.F. power amplifiers). 

Class D 

A switching or sampling amplifier with extremely high effi- 
ciency (approaching 100%). The output devices are used as 
switches, voltage appearing across them only while they are 
off, and current flowing only when they are saturated. 

Crossover Distortion 

Distortion caused in the output stage of a class B amplifier. 
It can result from inadequate bias current allowing a dead 
zone where the output does not respond to the input as the 
input cycle goes through its zero crossing point. Also for 
l/Cs an inadequate frequency response of the output PNP 
device can cause a turn-on delay giving crossover distortion 
for negative going transition through zero at the higher au- 
dio frequencies. 

Dolby B 

Dolby B is a simplified version of the Dolby A professional 
quality noise reduction system. The amplitude of low level 
signals over a selected frequency range is increased prior to 
recording to enhance them above tape noise. On playback 
the original levels are restored causing a corresponding re- 
duction in the audible tape noise. The major difference with 
Dolby A which used four frequency bands, is the use of a 
single variable frequency band with a cut-off frequency that 
increases in the presence of high level high frequency sig- 
nals. 

Dolby Level 

Because of the complementary nature of the Dolby B noise 
reduction system, the audio channel between the encoder 
and the decoder must have a fixed gain such that the de- 
coding signal level is within 2 dB of the encoding signal 
level. Also if recordings are interchangeable the signals in 
the noise reduction system must be related to the levels in 


the audio channel. Dolby level provides this reference and 
corresponds to a specified tape flux density when recorded 
with a 400 Hz tone. For reel to reel and eight track cartridge 
tapes this is 185 nWb/m, and for cassettes Dolby level is 
200 nWb/m. 

Large-Signal Voltage Gain 

The ratio of the output voltage swing to the change in input 
voltage required to drive the output from zero to this volt- 
age. 

Output Resistance 

The ratio of the change in output voltage to the change in 
output current with the output around zero. 

Output Voltage Swing 

The peak output voltage swing, referred to zero, that can be 
obtained without clipping. 

Power Bandwidth 

The power bandwidth of an audio amplifier is the frequency 
range over which the amplifier voltage gain does not fall 
below 0.707 of the flat band voltage gain specified for a 
given load and output power. 

Power bandwidth also can be measured by the frequencies 
at which a specified level of distortion is obtained while the 
amplifier delivers a power output 6 dB below the rated out- 
put. For example, an amplifier rated at 60 watts with 
^0.25% THD, would make its power bandwidth measured 
as the difference between the upper and lower frequencies 
at which 0.25% distortion was obtained while the amplifier 
was delivering 30 watts. 

Power Supply Rejection 

The ratio of the change in input offset voltage to the change 
in power supply voltages producing it. 

Slew Rate 

The internally limited rate of change in output voltage with a 
large amplitude step function applied to the input. 

Supply Current 

The current required from the power supply to operate the 
amplifier with no load and the output at zero. 

Thermal Resistance (Rjh) 

An analogy for heat transfer where the ability of a heat con- 
ductive system to transfer heat is described in similar terms 
to those used in an electrical system for power dissipated in 
a resistor with a given applied voltage. The thermal resist- 
ance is given by the temperature differential 
established when a given amount of power is being dissipat- 
ed (0 = T1 - T2 /Pd) with units of °C/watt. 
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National 

Semiconductor 

Corporation 


Audio Selection Guide 


PREAMPLIFIERS 



Application 

Package 

Voltage 

Equivalent 

THD 

PSR 

Input 

Notes 


Portable 

Home 

Auto 

Range 

Input Noise 

Coupling 

LM381 

• 

• 


14 Pin DIP 

9V-40V 

0.5 jlcV 

0.1% 

120 dB 

AC 

Stereo 

LM382 

• 

• 

9 

14 Pin DIP 

9V-40V 

0.8 jaV 

0.1% 

120 dB 

AC 

Stereo 

LM387 

• 

• 

9 

8 Pin DIP 

9V-30V 

0.65 juV 

0.1% 

1 10 dB 

AC 

Stereo 

LM1818 

• 

• 

9 

20 Pin DIP 

3.5V-18V 

0.85 jliV 

0.05% 

85 dB 

AC 

Tape System 

LM1837 

• 

• 

9 

18 Pin DIP 

4V-18V 

0.6 ju,Vt 

0.03% 

105 dB 

DC 

Autoreverse 


• 

• 

9 

16 Pin DIP 

4V-18V 

0.6 juVt 

0.03% 

105 dB 

DC 

Few Externals 

LM833 
(Note 1) 


9 

9 

8 Pin DIP 

8 Pin SO 

+ 5V- ± 15V 

0.5 jliV 

0.002% 

100 dB 

DC 

Low Noise 

Dual Op Amp 

LM837 
(Note 1) 


e 

9 

14 Pin DIP 

14 Pin SO 

± 5V - ± 1 5 V 

0.5 jlaV 

0.002% 

100 dB 

DC 

Low Noise 

Quad Op Amp 
Drives 6000, Load 


tCCIR/ARM in DIN circuit referred to unity gain at 2 kHz. 
Note 1: Data sheet in Linear 1. 


AUDIO POWER AMPLIFIERS 



Application 

Package 

Power* 

@ 

Voltage 

Bridgeable 

THD* 

Input 

Noise* 

Single/ 

Dual 

Notes 

Portable 

Home 

Auto 

80 

40 

20 

LM380 


9 


8 Pin DIP 

14 Pin DIP 

2.5W 



18V 


0.2% 


Single 

See AN-69 

LM383 

9 


9 

5 Pin TO-220 


5.5W 

8.6W 

14.4V 

Yes 

0.2% 

2 juV 

Single 

Protected 

LM384 


9 


14 Pin DIP 

5.5W 



22 V 


0.25% 


Single 

Fixed Gain 

LM386 

9 

9 


8 Pin DIP 

8 Pin SO 


0.33W 


6V 


0.2% 


Single 

4V Operation 

LM388 

9 



14 Pin DIP 

2.2W 



12V 

Yes 

0.1% 


Single 

Minimum 

Externals 

LM389 

9 



18 Pin DIP 


0.33W 


6V 


0.2% 


Single 

Includes 

Transistor 

Array 

LM390 

9 



14 Pin DIP 


1W 


6V 

Yes 

0.2% 


Single 

Battery 

Operation 



9 


16 Pin DIP 




60V- 100V 


0.01 % 

3j itV 

Single 

Power Driver 

LM1877 

9 

9 

9 

14 Pin DIP 

3W 



20V 


0.05% 

2.5 jaV 

Dual 

6V-24V 

LM2877 

9 

9 

9 

11 Pin SIP 

4.5W 



20V 


0.07% 

2.5 jitV 

Dual 

Single-In-Line 

Package 

LM1895 

9 

9 

9 

8 Pin DIP 


1.1W 


6V 


0.2% 

1.4 jiaV 

Single 

Low AM 

Radiation 

LM2895 

9 

9 

9 

11 Pin SIP 


4.3W 


12V 


0.15% 

1.4 juV 

Single 

3V-15V 
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AUDIO POWER AMPLIFIERS (Continued) 



Package 

Power* 

@ 

Voltage 

Bridgeable 

THD* 

Input 

Noise* 

Single/ 

Dual 

Notes 





Hfftl 


LM1896 

B9 

■ 

■ 

14 Pin DIP 


1.1W 


6V 


0.1% 

1.4 julV 

Dual 

Low AM 
Radiation 

LM2896 

• 

• 

• 

11 Pin SIP 









No Pops 

LM2002 

• 


Ml 

umjmi 


HBW 



Yes 

0.1% 

2 ju,V 

Single 

E233m 

LM2878 


• 


11 Pin SIP 

5.5W 



22V 

Yes 

0.15% 

2.5 jmV 

Dual 

6V-32V 

LM831 

■ 



16 Pin DIP 

20 Pin SO 

0.44W 



3V 





1.8V-6V 

LM12 
(Note 1) 


• 


TO-3 



1 

±30V 


0.01 % 

■ 


Power 

Op Amp 

LM675 
(Note 1) 


• 


5 Pin TO-220 

20W 



±25V 



3 jliV 

Single 

Power 

Op Amp 

LM1875 


■ 

■ 

5 Pin TO-220 

20W 



±25V 




Single 

Low Crossover 
Distortion 

LM2005 








14.4V 

Yes 

0.3% 

1.5 jttV 

Dual 

Protected 

LM2879 


• 


11 Pin TO-220 




28V 

Yes 




6V-32V 

"Note that all values shown are typical. Please refer to data sheets for test conditions. 

Note 1: Data sheet in Linear 1. 

AUDIO CONTROLS 


Application 


Voltage 

Range 

Volume 
Control Range 

Signal to 
Noise 

THD 

Separation 

Notes 

Portable 

Home 



■g 

• 

■ 

■ 



80 dB 

80 dB 

0.05% 

75 dB 

Dual DC Controlled 
Tone/Volume/Balance 


• 

• 

• 

18 Pin DIP 

5V-30V 


100 dB 

0.04% 

100 dB 

DC Audio Switch 


• 

• 

• 




100 dB 

0.04% 

100 dB 

BCD Logic Control 

LM 13600 
(Note 1) 
LM13700 
(Note 1) 

• 

• 

• 

• 

• 

• 

16 Pin DIP 

16 Pin SO 

±2V- ± 18V 



0.5% 

100 dB 

Transconductance 

Amplifiers 

LM3080 
(Note 1) 

■ 

■ 

■ 

im 






Transconductance 

Amplifier 

LM1040 

■ 

■ 

■ 

24 Pin DIP 



80 dB 

0.06% 

75 dB 

Dual DC Controlled 

Tone/ Volume/Balance 
Stereo Enhancement 



■ 






■ 


7 Band Graphic Equalizer 

MICROWIRE™ 

Controlled 

LMC1992/ 

LMC1993 
(Note 2) 


• 

• 

28 Pin DIP 

7V-15V 


105 dB 

0.03% 

95 dB 

Stereo Volume/ 

Tone/Fade/Select 

microwire™ 

Controlled 

’Distortion determined by external op amps. 

Note 1: Data sheet in Linear 1. 

Note 2: LMC1 992 selects 4 inputs. 

LMC1993 selects 3 inputs and has a loudness control. 
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NOISE REDUCTION 


Encoding Single/ Decode 


Type Effect* Required Dual/ 



• 28 Pin DIP, Quad 5V-16V Dolby 


^1832 • 14 Pin DIP, SO 1.5V-9V DNR 12( 

’Note that all values shown are typical. Please refer to data sheets for test conditions. 

Monaural Cassette Player 


DC Switched 
NSC System 


Dolby B/C 
76 dB I NSC System 


CASSETTE SYSTEM 
LM 1818 


AUDIO AMPLIFIER 
LM1895 
LM386 
LM389 


Home Stereo System (Audio Power < 10W) 



Home Component Stereo (Audio Power > 10W) 


AM RF/IF 
LM1863 


TONE/VOLUME 

LM833 

LM1035 

LM1036 

LM1040 


POWER AMPS 
LM1875 
LM391 


CASSETTE 

PREAMP 

LM833 

LM1897 


EQUALIZER 

LMC835 


Audio Selection Guide 


















Audio Selection Guide 
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Radio Circuits 
Definition of Terms 


AGC dc Output Shift: The shift of the quiescent 1C output 
voltage of the AGC section for a given change in AGC cen- 
tral voltage. 

AGC Figure of Merit: The widest possible range of input 
signal level required to make the output signal drop by a 
specified amount from the specified maximum output level. 
Typical F.O.M. numbers are from 40 dB to 50 dB, for do- 
mestic radios and about 60 dB for automotive radios (for 
-10 dB output level change). 

AGC Input Current: The current required to bias the central 
voltage input of the AGC section. 

AM Rejection Ratio: The ratio of the recovered audio out- 
put produced by a desired FM signal of specified level and 
deviation to the recovered audio output produced by an un- 
wanted AM signal of specified amplitude and modulating 
index. 

Channel Separation: The level of output signal of an undri- 
ven amplifier with respect to the output level of an adjacent 
driven amplifier. 

Detection Bandwidth: That frequency range about the free 
running frequency of the tone decoder/phase locked loop 
where a signal above a specified level will cause a detected 
signal condition at the output. 

Detection Bandwidth Skew: The measure of how well the 
detection bandwidth is centered about the free running fre- 
quency. It is equal to the maximum detection bandwidth fre- 
quency plus the minimum detection bandwidth frequency 
minus twice the free running frequency. 

Hold In Range: That range of frequencies about the free 
running frequency for which the phase locked loop will stay 
in lock if initially starting out in lock. 

Input Resistance: The ratio of the change in input voltage 
to the change in input current on either input with the other 
grounded. 

Input Sensitivity: The minimum level of input signal at a 
specified frequency required to produce a specified signal- 
to-noise ratio at the recovered audio output. 

Input Voltage Range: The range of voltages on the input 
terminals for which the amplifier operates within specifica- 
tions. 

Large-Signal Voltage Gain: The ratio of the output voltage 
swing to the change in input voltage required to drive the 
output from zero to this voltage. 


-3 dB Limiting Sensitivity: In FM the input signal level 
which causes the recovered audio output level to drop 3 dB 
from the output level with a specified large signal input. 
Lock In Range: That range of frequencies about the free 
running frequency for which the phase locked loop will 
come into lock if initially starting out of lock. 

Maximum Sweep Rate: The maximum rate that the VCO 
may be made to vary its oscillating frequency over its 
Sweep Range. 

Output Resistance: The ratio of the change in output volt- 
age to the change in output current with the output around 
zero. 

Output Voltage Swing: The peak output voltage swing, re- 
ferred to zero, that can be obtained without clipping. 

Phase Detector Sensitivity: The change in the output volt- 
age of the phase detector for a given change in phase be- 
tween the two input signals to the phase detector. 

Power Bandwidth: The power bandwidth of an audio am- 
plifier is the frequency range over which the amplifier volt- 
age gain does not fall below 0.707 of the flat band voltage 
gain specified for a given load and output power. 

Power bandwidth also can be measured by the frequencies 
at which a specified level of distortion is obtained while the 
amplifier delivers a power output 6 dB below the rated out- 
put. For example, an amplifier rated a 60W with ^0.25% 
THD, would make its power bandwidth measured as the 
difference between the upper and lower frequencies at 
which 0.25% distortion was obtained while the amplifier was 
delivering 30W. 

Power Supply Rejection: The ratio of the change in input 
offset voltage to the change in power supply voltages pro- 
ducing it. 

Slew Rate: The internally limited rate of change in output 
voltage with a large amplitude step function applied to the 
input. 

Supply Current: The current required from the power sup- 
ply to operate the amplifier with no load and the output at 
zero. 

Sweep Range: That ratio of maximum oscillating frequency 
to minimum operating frequency produced by varying the 
central voltage of the VCO from its maximum value to its 
minimum value with fixed values of timing resistance and 
capacitance. 

VCO Sensitivity: The change in operating frequency for a 
given change in VCO central voltage. 
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Radio Circuits 
Selection Guide 


AM RF/IF Detector 



Portable 

Home 

Auto 

Synthesized 

Pin 

Count 

(Dip 

Package) 

Supply 

Voltage 

Supply 

Current 

Input 

Sensitivity 
for 20 dB 

S/N Ratio 

AM 

and 

FM IF 

Audio 

Power 

Amplifier 

Internal 

Detector 

Meter 

Output 

LM1863 

• 

• 

• 

• 

20* 

7-16 

8.3 mA 

30 juV 



• 

• 

LM1866 

• 

• 



20 



BPPMI 

• 


• 

• 

LM1868 

• 

• 



20 

ESS 


M3SM 

• 

. 

• 


LM3820 

• 

• 

• 


14 

EES 

18 mA 

35 jliV 





*SO Surface Mount Package Only 

Stereo Decoder 


Portable 

Home 

Auto 

Pin Count 
Dip 

Package 

Supply 

Voltage 

Supply 

Current 

THD 

Separation 

Blend 

High 

Cut 

Lamp 

Driver 

Output 

Buffer 

ARI 

Interference 

Rejection 

LM1800 


• 


16 

10-18 

21 mA 


essh 



• 

• 


LM1870 

• 

• 

• 

20 

moi 

26 mA 

0.05% 

■1 

• 

• 

• 

• 


LM1884* 


• 


16 




— 



• 

• 


LM4500A 

• 

• 

• 

16 

8-16 

35 mA 

0.1% 

40 dB 



• 

• 

• 

*TV Stereo Decoder 

Radio Remote Control 


Function 

Pin Count 
(Dip Package) 

Supply 

Voltage 

Supply 

Current 

Channels 

Frequency 

Range 

Analog 

Digital 

LM1871 

Encoder/T ransmitter 

18 

4.5-1 5V 

14 mA 

up to 6 

2 

up to 72 MHz 

LM1872 

Decoder/ Receiver 

18 

2.5-7V 

13 mA 

2 

2 

up to 72 MHz 
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FM IF/Detector 



Portable 

Home 

Auto 

Synthesized 

Pin Count 
Dip 

Pin Count 

S.O. 

Supply 

Voltage 

Supply 

Current 

-3 dB Limiting 
Sensitivity 

THD 

i 

Mute 

AGC 

Outputs 

AFC 

Meter 

Output 

AM/ 

FM IF 

LM1865 


• 

• 

• 

20 


7.3-16 

43 mA 

60 /aV* 

0.1% 

• 

Reverse 

• 

• 


LM1965 


• 

• 


20 




60 jaV* 


• 


• 

• 


LM2065 


• 

• 

• 

20 




60 /aV* 


• 

Forward 

• 

• 


LM1866 

• 

• 



20 


mom 


12 jaV 


• 

• 

• 

• 

• 

LM1868 

• 

• 



20 




15 jaV 






• 

LM3089 


• 

• 


16 




12 jaV 


• 

c 

• 

• 


LM3189 


• 

• 


16 


8-16 

31 mA 

12 jaV 

0.5% 

• 

• 

• 

• 


LM3361AI 

• 


• 


16 

16 

2-9 

2.8 mA 

2 jaV 

- 

• 






•Exclusive of 26 dB Buffer 
tNarrow-Band FM-IF 


apmg uoijoaias— sjmojio o.ipeu 















Radio Circuits— Selection Guide 


Cordless Telephone Receiver 



Portable Radio (Stereo) 


AM/FM IF 
LM 1866 


POWER AMP 
LM 1896 
LM 2896 


Portable Radio (Monaural) 


Table/Clock Radio 


AM/FM IF 
LM 1868 



Auto Radio (Manually Tuned) 









Automotive Radio (Electronically Tuned) 




SYNTHESIZER 
DS 8906 
DS 8907 
DS 8908 


)/*P CONTROL I 


TONE/VOLUME 
LMC 1992 


POWER AMPS 
LM 383 
LM 2002 
LM 2005 


CASSETTE 
PREAMPS 
LM 1837 
LM 1897 


Home Stereo System (Audio Power < 10W) 


AM/FM IF 
LM 1866 


TONE/VOLUME 


LM 1035 

POWER AMPS 

LM 1036 

LM 2879 

LM 1040 



Home Component Stereo (Audio Power > 10W) 


AM RF/IF 
LM 1863 


TONE/VOLUME 
LM 833 
LM 1035 
LM 1036 
LM 1040 


POWER AMPS 
LM 1875 
LM 391 


EQUALIZER 
LMC 835 


PHONO 
PREAMP 
LM 833 


TL/XX/0011-8 
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Video 

Definition of Terms 


Aspect Ratio: The ratio of picture width to picture height. 
For the NTSC system this is 4:3. 

Back Porch: The section of the composite video signal be- 
tween the trailing edge of the line (horizontal) sync pulse 
and the end of the blanking pulse period (when picture infor- 
mation begins). For a monochrome signal the back porch is 
simply at the blanking level. For a color signal, the color 
burst is added within this section. 

Black Level: The DC voltage level in the picture signal 
which corresponds to beam cut-off on the display tube. It 
can be at the blanking level (given by the back porch) or 
slightly higher (7.5% to 10% of the peak white signal above 
the blanking level). 

Blacker-than-Black: The amplitude region in the composite 
video signal that extends below the reference black level in 
the direction of the synchronizing pulses. 

Blanking: A portion of the composite video signal whose 
instantaneous amplitude makes the vertical and horizontal 
scan retrace not visible on the display tube. 

Blanking Level: The level of the front and back porches of 
the composite video signal. 

Blanking Period: The period in the composite video signal 
where the level is reduced to the blanking level, below 
which the display electron beam is cut-off. This allows non- 
visible retrace of the beam from the right side of the display 
to the left side at the end of each scan line (horizontal 
blanking) and non-visible return of the electron beam from 
the bottom of the display to the top. Horizontal blanking 
occurs for approximately 1 1 jus between each scan line and 
vertical blanking for 1 .2 ms between each field. 

Blooming: Defocussing of the picture in regions where the 
brightness is too high. 

Breezeway: The section in the signal blanking period be- 
tween the end of the sync pulse and the start of the color 
burst. 

C.C.I.R.: International Radio Consultative Committee — a 
worldwide standards organization. 

Chrominance Signal: That part of the NTSC signal that 
contains the color information. 

Clamping: A process that established a fixed DC voltage 
level for the picture signal. This is important for proper RF 
modulation and for maintaining the correct picture black lev- 
el. 

Color: An attribute of an object being scanned that distin- 
guishes it from other objects, apart from shape, texture, and 
brightness. In television systems the color of an object is 
further subdivided into hue (tint) and saturation. The hue or 
tint refers to the dominant wavelength of a spectral color, 
i.e., light red is the same hue as deep red and dark red. 


Deep red has more vividness or saturation (less white), 
whereas dark red has less brightness. Similar terms are 
used to describe non-spectral colors (a mixture of hues). 
Color Burst: Normally refers to approximately 9 cycles of 
the 3.58 MHz subcarrier superimposed on the back porch of 
the composite video signal. The phase of this burst estab- 
lishes the reference color phase for tint or hue, and the 
amplitude provides a reference for the color saturation level. 
Color Subcarrier: A subcarrier at 3.579545 MHz (NTSC) 
whose modulation sidebands are added to a monochrome 
video signal to convey the color information. Similar subcar- 
riers are used for SECAM and PAL. 

Composite Video Signal: The complete video signal. For 
monochrome, it consists of blanking and synchronizing sig- 
nals, with a picture signal representing the scene bright- 
ness. For color, an additional subcarrier is added for color 
synchronization and picture color content. 

Compression: An undesired decrease in amplitude of one 
portion of the composite video signal relative to another 
portion. 

Contrast: The range of dark and light values in a picture. 
Cross-talk: An undesired signal interfering with a desired 
signal. 

Definition: See resolution. 

Differential Gain: The amplitude change in the 3.58 MHz 
color subcarrier as the picture signal varies from blanking to 
peak white level. This is the result of system non-linearities 
and is measured in percent change. 

Differential Phase: The phase change, measured in de- 
grees, of the 3.58 MHz color subcarrier as the picture signal 
varies from blanking to peak white level. 

Equalizing Pulses: Pulses of one half the width of the line 
(horizontal) sync pulses, transmitted at twice the line rate for 
the three line periods before and after the field (vertical) 
sync pulse. They are used to help the vertical sync system 
of the receiver accommodate the half line difference in the 
number of scan lines on successive fields. 

Field: One half of a complete picture interval. A field will 
contain either all the odd numbered scanning lines or all the 
even numbered scanning lines in the picture. 

Field Frequency: The rate at which a complete field is 
scanned. For NTSC color signals this is nominally 59.94 Hz. 
Fly-back: See Horizontal Retrace. 

Frame: A complete picture consisting of two interlocking 
fields. 

Frame Frequency: The rate at which a complete frame is 
scanned. In the U.S. this is nominally 30 frames or pictures 
per second. 
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Front Porch: The section of the composite video signal be- 
tween the end of the picture information on a scan line (start 
of blanking) and the start of the line synchronization pulse. 
Horizontal Blanking: The blanking signal at the end of 
each scan line that prevents the retrace of the display tube 
electron beam from being visible. 

Horizontal Retrace: The rapid return of the scanning elec- 
tron beam from the right side of the raster to the left side. 
Horizontal Hum Bars: Relatively broad horizontal bars drift- 
ing slowly up the screen as a result of interference from the 
60 Hz main frequency. 

Hue (Tint): Describes the color that is being represented on 
the screen, i.e., red, blue, magenta, green, orange, etc. 
Interlace: A scanning process in which each adjacent line 
belongs to the alternate field. 

I.R.E.: Institute of Radio Engineers. Now combined with the 
AIEE to form the IEEE. 

I.R.E. Scale: An oscilloscope scale calibrated for composite 
video and divided vertically into 140 units. The picture signal 
occupies the range from 0 to 100 with syncs in the range 0 
to -40. 

Luminance: The monochrome or brightness part of the col- 
or signal, composed of specific proportions of the three pri- 
mary colors, red, blue, and green. 

N.T.S.C.: National Television System Committee, used in 
reference to the system adopted for color television broad- 
casting in the U.S. at the end of 1953. 

Noise: In a television picture, ‘noise’ refers to random inter- 
ference producing a salt and pepper pattern over the pic- 
ture. Heavy noise totally obscuring the picture is called 
“snow”. 

Overshoot: An (excessive) response to a unidirectional sig- 
nal change. Overshoot is often used deliberately to en- 
hance the luminance portion of a signal. 

Pairing: A partial or complete failure of interlace in which 
scan lines of alternate fields fall in pairs, one on top of the 
other. 

Pedestal Level: See Blanking Level. 

Percentage Sync: 

Video: The ratio in percent of the amplitude of the syn- 
chronizing pulse to the peak amplitude of the picture sig- 
nal between blanking and reference white level. For a 
properly constituted composite video signal this is 40%. 
RF: The ratio is a percent of the amplitude of the syn- 
chronizing pulse to the peak amplitude of the modulated 
RF signal. For correct modulation this is 25%. 

P.A.L.: Phase Alternation Line. A variation of the NTSC sys- 
tem involving phase reversal of one of the color difference 
signals on a line by line basis, introduced into the U.K. and 
Germany in 1967. 

Picture Signal: That portion of the composite video signal 
which is above the blanking level and contains the picture 
information. 

Pre>emphasis: An increase in the level of a band of fre- 
quency components with respect to the remainder of the 


signal. For U.S. television, the audio signal is increased at a 
6 db/octave rate above 2.1 kHz. 

Raster: The area on the face of the display tube that is 
scanned by the electron beam. This is not always entirely 
visible since commercial receivers employ overscan so that 
the edges of the raster are hidden by the faceplate. 
Reference Signals: See V.l.T.S. and V.I.R.S. 

Resolution (Horizontal): The amount of resolvable detail in 
the horizontal direction of the picture. This depends on the 
high frequency and phase response of the transmission sys- 
tem and the receiver. 

Resolution (Vertical): The amount of resolvable detail in 
the vertical direction of the picture. This depends primarily 
on the number of scan lines that are used and secondarily 
on the size (shape) of the electron scanning beam. 
Saturation (Color): The amplitude of the chrominance sig- 
nal. Increased saturation means increased chrominance 
signal level. Visibly, this refers to a color increasing from 
pale or pastel to deep. 

S.E.C.A.M.: Sequential Couleur Avec Memoire. The color 
broadcasting system used predominantly in France which 
utilizes sequential transmission of the color difference sig- 
nals, which are FM modulated on two separate subcarriers 
(1967). 

Setup: The difference in level between the blanking level 
and the reference black level expressed as a percent of the 
reference white level. 

Smear: Smear describes a picture condition where objects 
appear extended in the horizontal direction producing an ill- 
defined, blurry picture. This often occurs when the receiver 
is tuned slightly above the proper pix carrier frequency. 
Sync: Abbreviation for synchronizing or synchronization. 
Sync Level: The level of the synchronizing pulse tips. 
Vertical Blanking: The blanking signal at the end of each 
field starting three lines before the vertical sync pulse. 
Vertical Retrace: The return of the electron beam from the 
bottom of the display to the top after a complete field has 
been scanned. 

V.I.R.S.: Vertical Interval Reference Signal. A quality control 
signal added to a horizontal scan line during the vertical 
blanking period. It is used to provide a chrominance, lumi- 
nance and black level reference. 

V.l.T.S.: Vertical Interval Test Signals. A series of test sig- 
nals that are added to horizontal lines during the vertical 
blanking for in-service testing of the transmission equip- 
ment. They can be deleted or added at various points in the 
transmission link, unlike the VIRS, which is added at pro- 
gram origination and stays with the program material. 
Vestigal Sideband Transmission: A broadcast transmis- 
sion technique wherein only one side band of an amplitude 
modulated carrier is fully transmitted with the other side- 
band (usually lower) truncated. 

Video: The visible portion of the transmitted signal repre- 
senting the picture. 
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Video Selection Guide 


VIDEO AMPLIFIERS 



Bandwidth 

Gain 

Package 

Supply Voltage 

Comments 

LM592 

120 MHz 

100, 400 

14 Pin DIP 

14 PIN SO 

±3V- ±6V 

Differential IN, Differential OUT 

LM733 

120 MHz 

10, 100, 400 

14 Pin DIP 

±3V- + 6V 

Differential IN, Differential OUT 

LM1201 

(Advanced Information) 

100 MHz 

4-10 

16 Pin DIP 

+ 12V 

Single Amplifier with 

Black Level and Contrast 

Control 

LM1203 

50 MHz 

4-10 

28 Pin DIP 

+ 12V 

Triple Amplifier System 
with Black Level and 

Contrast Control 

LM359 
(Note 1) 

400 MHz GBW 

30 MHz @ A v = 1 


14 Pin DIP 

5V-22V 

Dual Norton Amplifiers 


VIDEO TIMING 



Function 

Package 

Supply Voltage 

Comments 

LM1391 

PLL 

8 Pin DIP 

Internal Shunt Zener 

— 

LM1880 

No-Holds Vert/Horiz 

14 Pin DIP 

Internal Shunt Zener 

— 

LM1881 

Sync Separator 

8 Pin DIP 

8 Pin SO 

5V-15V 

Outputs Provided: 
Composite Sync 
Vertical 

Burst Gate 

Odd/Even Field 


VIDEO MODULATORS/DEMODULATORS 



Function 

Package 

Comments 

LM1496 
(Note 2) 

Balanced Modulator-Demodulator 
(Modulator— Suppressed Carrier, AM 
Demodulator— Synchronous, FM 

Phase Detection) 

14 Pin DIP 

10 Pin TO-5 

14 Pin SO 

Operating Frequency to 100 MHz 
Balanced Inputs and Outputs 

LM1889 

Modulates Color Difference, 

Luminance, Audio onto 

Low-VHF Channels 

18 Pin DIP 

DC Channel Switching 

Chroma Reference 

LM2889 

Modulates Composite Video, 

Audio onto Low-VHF Channels 

14 Pin DIP 

DC Channel Switching, 

Low Distortion FM Sound 

Modulator, Video Clamp 


Note 1: Data sheet in Linear 1. 

Note 2: Data sheet in Linear 3— Special Functions Chapter 5. 
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VIDEO IFs 



Application 

Package 

Comments 

LM1211 

Broadband Demodulator 

20 Pin DIP 

Operating Range 20 MHz-80 MHz 

(Note 3) 



Quasi-Synchronous Detector 

25 MHz Output Amplifier 

LM1823 

Video IF 

28 Pin DIP 

Operating Range 20 MHz-70 MHz 
Synchronous Detector using PLL 

9 MHz Output Amplifier 


OTHER VIDEO PRODUCTS 



LM 1 044 

Video Switch 

24 Pin DIP 

8V-16V 

• DC Switch between 3 Composite Video 
Channels or 2 RGB Channels 

• 60 dB Channel Separation 

LM1884 
(Note 4) 

TV Stereo Decoder 

16 Pin DIP 

9V-15V 

Provides L - R, L + R Outputs 
from Composite Input 

LM1886 

TV Video Matrix D to A 

20 Pin DIP 

+ 5V, + 12V 

Encodes Luminance and Color Difference 
Signals from 3-Bit RGB Inputs 

Note 3: Data Sheet in Linear 3. 

Note 4: Data Sheet in Linear 3. 
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FIGURE 1. Typical RGB Color Monitor Block Diagram 


Application Notes* Cross Reference 


Device 

AN # 

LM359 

AN-278, AB-24 

LM1823 

AN-391 

LM1886 

AN-402 

LM1889 

AN-402 

LM2889 

AN-391, AN-402 


* National Semiconductor Corporation Linear Application Notes 


TL/XX/0012-2 
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Motion Control Selection Guide 


Dedicated Motor Control Functions 


Part Number 

LM621 


Function 

Brushless D.C. Motor 


High Performance Position 
Control for D.C. and Brushless 
D.C. Motors 


P.W.M. Controller for 
Brushless and Brush D.C. Motors 


H-Switches 

Output Current (Amps) 


Deadband Timer for Direction Reversal 
40V Max. Operation 

35 mA Outputs for Direct Drive of Bipolar Power Transistors 

On Board 32-Bit Incremental Shaft Encoder Interface 
256 fj,s Loop Time 
Automatic Trajectory Generator 
Velocity Programmable “On-the-Fly” 

Internal Programmable PID Filter 
Convenient 8-Bit Host Interface 
8-Bit or 1 2-Bit Port to DAC (LM628) 

8-Bit PWM Output (LM629) 

Flexible Output Structure Drives H-Switches or Commutators 
Precision On-Board Reference 
Flexible Error Amp/ Feedback Structure 


Peak 

(Typical) 

4 

1.5 


Continuous 

(Max) 

2 

1 


LM18298 

LM18293 


Supply 

Voltage 

(Max) 

Full Current 
Saturation Voltage 

Source Sink 

(Max) (Max) 

Operating 

Temp. 

Range 

Package 

Description 

50 

2.8 

2.6 

— 40°C to +150°C 

15-Pin TO-220 

Quad y 2 H Switch 

36 

! 1-8 

1.8 

— 40°C to + 125°C 

16-Pin DIP 

Dual Full H Switch 


Power Op-Amps 4 



Current 

nps 

Continous 

(Max) 

Device 

Supply 

Voltage 

(Max) 

Input 

Offset 

Voltage 

(Max) 

Quiescent 

Current 

Slew 

Rate 

(Typical) 

Operating 

Temp. 

Range 

Package 

Features 

1.5 

LM675 

60 

10 mV 

50 mA 

8V/jus 

0°C to + 70°C 

5-Pin TO-220 

Thermal Parole 

10 

LM12L 

60 

15 mV 

80 mA 

9 V/ jus 

— 55°C to + 1 25°C 

4-Pin TO-3 

Fully Protected 

10 

LM12CL 

60 

20 mV 

120 mA 

9V/jU,S 

0°C to +70°C 

4-Pin TO-3 

Fully Protected 

10 

LM12 

80 

15 mV 

80 mA 

9V//LLS 

— 55°C to + 125°C 

4-Pin TO-3 

Fully Protected 

10 

LM12C 

80 

20 mV 

120 mA 

9 V/fjLS 

0°C to +70°C 

4-Pin TO-3 

Fully Protected 

0.5 

LM 18272 

28 

100 mV 

15 mA (Typ) 

0.5V/juS 

0°C to -F85°C 

8-Pin DIP 

Dual (Bridge) 


*For more information on Power Amps, see the Amplifier section of the Linear Databook. For more High Power Amplifiers, refer to the Audio Amplifier section. 
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Communications-Related Building Blocks 

Modulators & Demodulators Selection Guide 


Typical Broadband Balanced Modulator- TV Video TV Video 

Application Demodulator Demodulator Modulator Modulator 

Key • Configurable • Wide Frequency • Input Signals • Input Signals 

Features for AM or FM Response to — Audio Modulation — Audio 

Based Signals 100 MHz — Color Difference — Composite Video 

— Luminance 

• 0 MHz-70 MHz Operating • Fully Balanced • Channel 3 

Frequency Range Inputs and Outputs • Channel 3 (61 .25 MHz) or 

(61 .25 MHz) or Channel 4 

• 25 MHz Detector • Adjustable Gain Channel 4 (67.25 MHz) Output 

Output Bandwidth and Signal Handling (67.25 MHz) Output 

• Video DC 

• Linear Output • Companion Circuit Restoration 

Phase Response to LM 1 886 TV 

Video Matrix 
D to A 

PLL’s AND TONE DECODERS 

General purpose PLL’s and tone decoders are available for applications that include FSK demodulation, tone decoding, SAP 
and SCA demodulation, and telemetry reception. Both bipolar and CMOS devices are offered. Special purpose PLL’s for TV 
synchronization and FM stereo demodulation are also available for use in other low frequency signal processing applications. 


Broadband 

Demodulator 

• Configurable 
for AM or FM 
Based Signals 

• 0 MHz-70 MHz Operating 
Frequency Range 

• 25 MHz Detector 
Output Bandwidth 

• Linear Output 
Phase Response 


LM1496 

Balanced Modulator- 
Demodulator 

• Wide Frequency 
Response to 
100 MHz 

• Fully Balanced 
Inputs and Outputs 

• Adjustable Gain 
and Signal Handling 


TV Video 
Modulator 

• Input Signals 
— Audio 

— Composite Video 

• Channel 3 

(61.25 MHz) or 
Channel 4 
(67.25 MHz) Output 

• Video DC 
Restoration 


PLL and Tone Decoder Selection Guide 


LM565 

LM567 

LMC567* 
(CMOS LM567) 

LMC568 

PLL 

Tone 

Decoder 

Tone 

Decoder 

PLL 

15 Hz- 

0.01 Hz- 

0.01 Hz- 

0.01 Hz- 

500 kHz 

500 kHz 

500 kHz 

500 kHz 

±30% 

±7% 

±7% 

±30% 

+ 5V to ± 12V 

4.75V-9V 

2V-9V 

2V-9V 

8 mA 

12 mA 

0.8 mA 

1.2 mA 


LM565 LM567 LMC568 LM1391 LM18 “°’ *'“| 870 ’ 

(CMOS LM567) LM4500A 

Typical PLL Tone Tone PLL TV— Horizontal FM Stereo 

Application Decoder Decoder PLL Demodulator PLL 

Center Frequency 15 Hz- 0.01Hz- 0.01Hz- 0.01Hz- 

_Range 500 kHz 500 kHz 500 kHz 500 kHz 

Vt 

Supply Voltage Lowest: 7V 

±5Vto±12V 4.75V-9V 2V-9V 2V-9V 8V-9.2V Highest: 16V 

(See Datasheets) 

Supply Current (Typ) Lowest: 21 mA 

8 mA 12 mA 0.8 mA 1.2 mA 20 mA Highest: 45 mA 

(See Datasheet) 

The CMOS LMC567 oscillator runs at twice the frequency of the bipolar LM567 oscillator. Refer to the datasheets for additional information. 
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POWER LINE CARRIER 

The LM2893/LM1893 Carrier-Current Transceiver performs as a power line interface for half-duplex (bi-directional) communica- 
tion of serial bit streams of virtually any coding. Applications include energy management systems, inter-office control, fire alarm 
systems, security systems, telemetry, and remote meter reading. 

TIMERS 

General purpose timers are available for generating accurate time delays or oscillation. Both bipolar and CMOS devices are 
offered. 


Timer Selection Guide 



LM322 

LM2905 

LM555 

LMC555* 
(CMOS LM555) 

LM556 

(Dual LM555) 

Trigger Pulse Relative 

Can Be 

Can Be 

Must Be 

Must Be 

Must Be 

to Output Pulse 

Longer 

Longer 

Shorter 

Shorter 

Shorter 

Typical Application 

Monostable 

Monostable 

Astable 

Astable 

Astable 

Supply Voltage 

4.5V-40V 

4.5V-40V 

4.5V-15V 

1.2 V- 12V 

4.5V- 15V 

Supply Current 
(Typical) 

2.5 mA 

2.5 mA 

10 mA 

0.15 mA 

10 mA 

(Each Timer Section) 


The CMOS LMC555 can handle -10 mA to +50 mA of output current and the bipolar LM555 can handle up to +200 mA of output current. 

VCO AND FUNCTION GENERATOR 

The LM566 is a general purpose voltage controlled oscillator which may be used to generate square and triangle waves. Typical 
applications include FM modulation, signal generation, function generation, frequency shift keying, and tone generation. The 
LM566 has very linear modulation characteristics. 

Drive-Related Building Blocks 

DISPLAY DRIVERS 

LED flasher/oscillator and dot/bar display drivers are offered. 


Display Driver Selection Guide 



LM3909 

LM3914 

LM3915 

LM3916 

Typical 

Flasher/ 

Dot/Bar 

Dot/ Bar 

Dot/ Bar 

Application 

Oscillator 

Display Driver 

Display Driver 

Display Driver 

Display Scale 

N/A 

Linear 

Log 

VU Meter 

Display Type 

LED, 

LED, LCD, 

LED, LCD, 

LED, LCD, 


Incandescent 

Vacuum 

Vacuum 

Vacuum 



Fluorescent 

Fluorescent 

Fluorescent 


METER DRIVERS 

The LM1 81 9 Air-Core Meter Driver is a function generator/driver for air-core (moving-magnet) meter movements in tachometers 
and ruggedized instruments. Driver outputs are self-centering and better than 2% linearity is guaranteed over a full 305° 
deflection range. Signal conditioning circuitry is included on chip. 

TEMPERATURE CONTROLLER 

The LM3911 (Note 1) is a temperature controller containing a precision temperature sensor, op amp, and reference. It is 
designed for temperature sensing and closed loop temperature control applications over the -25°C to +85°C range. 

Note 1: See Linear 2 for datasheet. 
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Precision-Related Building Blocks 

CHOPPER BLOCK 

The LMC669 Auto Zero Block (Note 1) is a universal commutating auto-zero block that can be used with any operational 
amplifier to correct offset voltage. 

Note 1: See Linear 2 for datasheet. 

TRANSISTOR ARRAYS 

A variety of matched and power transistors are offered. 


Transistor Array Selection Guide 



LM394 

LM395 

LM3046 

LM3146 

Description 

NPN Transistor Pair 

Power Transistor 

5 NPN Transistors 

5 NPN Transistors 

Key Features 

• Emitter-Base 

• Collector Current: 1A 

• Emitter-Base 

• Emitter-Base 


Voltage Matched 


Voltage Matched 

Voltage Matched 


to 50 /xV 

• Quiescent Current: 

to ±5 mV 

to ±5 mV 


• Current Gain 

10 mA 

• Breakdown Voltages 

• Breakdown Voltages 


Matched to 2% 

• Switching Time: 

2 |us 

• Current Limit 

— V (BR)(CBO) : 20V 
V (BR)(CEO) : 1 5V 
— V(BR)(CIO) : 20V 
— v (BR)(EBO) : 5V 

— V(BR)(CBO) : 40V 
— V(BR)(CEO): 30V 
— V(BR)(CIO) : 40V 
— V(BR)(EBO) : 5V 




•DC— 120 MHz 

•DC— 120 MHz 



• Thermal Limit 





• Safe Area 





Protection 




Sensing-Related Building Blocks 

LIQUID LEVEL SENSORS 

A variety of liquid level sensing circuits are offered. 


Liquid Level Sensor Selection Guide 



LM903 

LM1042 

LM1812 

LM1830 

Output 

Type 

Digital HI/LO 

Analog 

Pulse-Echo 

Timing 

Digital HI/LO 

Operation 

Method 

Thermoresistive 

Probe 

Thermoresistive 

Probe 

Acoustic 

Transducer 

Conductive 

Liquid 
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SPECIAL AMPLIFIERS 

A variety of special sensor amplifiers are offered. 


Special Amplifiers Selection Guide 



LM1815 

LM1964 

Typical Application 

Adaptive Sense Amplifier 

Sensor Interface Amplifier 

Sensor 

Inductive Pickup 

Lambda Sensor 

Key Features 

• Operates from 

2.5V to 12V Supply 

• Adaptive Hysteresis 

• True Zero Crossing 

Timing Reference 

• Normal Operation Guaranteed 
with Inputs up to 3V Below 

Ground on a Single Supply 

• Fully Protected Inputs 

• Input Open Circuit 

Detection 


SPECIAL COMPARATOR 

The LM1801 Battery Operated Power Comparator is an extremely low power comparator with a high current, open collector 
output stage. Typical applications include intrusion alarms, water leak detectors, gas leak detectors, overvoltage crowbars and 
battery operated monitors. The LM1801 is designed to operate in a standby mode for 1 year, powered by a 9V alkaline battery. 

SPECIAL CONVERTERS 

A variety of special converters for signal transformation applications are offered. 


Special Converters Selection Guide 



LH0091 (Note 1) 

LH0094 (Note 1) 

LM331 (Note 1) 

LM2907, LM2917 

Converter 

Type 

True RMS-to-DC 

Multifunction 

Voltage-to- 

Frequency 

Frequency-to- 

Voltage 

Key 

Features 

• 0.1 % Accuracy with 
External Trim 

• Uncommitted Amplifier 
for Filtering, Gain 

or High Crest 

Factor Configuration 

• True RMS Conversion 

• ouT=,N v(!S) m ' 

0.1 <£ m ^ 10, 
m Continuously 

Adjustable 

• Applications 
— Precision Divider, 

Multiplier 
—Square Root 
— Square 
— Trigonometric 

Function Generator 
— Companding 
— Linearization 
—Control Systems 
—Log Amp 

• 1 Hz to 100 kHz 
Frequency Range 

• Split or Single 
Supply Operation 

• Operates Relay, 

Lamp or Other Load 
when Input Exceeds 
a Selected Rate 

• Ground Referenced 
Tachometer Fully 

Protected from Damage 
Due to Swings 

Above Supply or 

Below Ground 


Note 1: See Linear 2 for datasheets. 


ULTRASONIC TRANSCEIVER 

The LM1812 Ultrasonic Transceiver is a general purpose ultrasonic transceiver designed for use in a variety of ranging, sensing, 
and communications applications. Typical uses include liquid level measurement, sonar, surface profiling, data links, hydro- 
acoustic communications, non-contact sensing and industrial process control. Depending on the acoustic transducer, typical 
performance capabilities include 5 feet to 100 feet in water and 4 inches to 35 feet in air. 
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Voltage Regulators 
Definition of Terms 


Current-Limit Sense Voltage: The voltage across the cur- 
rent limit terminals required to cause the regulator to cur- 
rent-limit with a short circuited output. This voltage is used 
to determine the value of the external current-limit resistor 
when external booster transistors are used. 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further reduc- 
tions in input voltage. 

Feedback Sense Voltage: The voltage, referred to ground, 
on the feedback terminal of the regulator while it is operat- 
ing in regulation. 

Input Voltage Range: The range of dc input voltages over 
which the regulator will operate within specifications. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

Long Term Stability: Output voltage stability under accel- 
erated life-test conditions at 125°C with maximum rated volt- 
ages and power dissipation for 1000 hours. 

Maximum Power Dissipation: The maximum total device 
dissipation for which the regulator will operate within specifi- 
cations. 


Output-Input Voltage Differential: The voltage difference 
between the unregulated input voltage and the regulated 
output voltage for which the regulator will operate within 
specifications. 

Output Noise Voltage: The RMS ac voltage at the output 
with constant load and no inut ripple, measured over a 
specified frequency range. 

Output Voltage Range: The range of regulated output volt- 
ages over which the specifications apply. 

Output Voltage Scale Factor: The output voltage obtained 
for a unit value of resistance between the adjustment termi- 
nal and ground. 

Quiescent Current: That par of input current to the regula- 
tor that is not delivered to the load. 

Ripply Rejection: The line regulation for ac inupt signals at 
or above a given frequency with a specified value of bypass 
capacitor on the reference bypass terminal. 

Standby Current Drain: That part of the operating current 
of the regulator which does not contribute to the load cur- 
rent. (See Quiescent Current) 

Temperature Stability: The percentage change in output 
voltage for a thermal variation from room temperature to 
either temperature extreme. 

Thermal Regulation: Percentage change in output voltage 
for a given change in power dissipation over a specified time 
period. 
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Voltage Regulators Selection Guide 


Adjustable Positive Voltage Regulators 


Amps 

Device 

Output Voltage 

Package 

10.0 

LM196K 

1.25V- 15V 

TO-3 


LM396K 

1.25V- 15V 

TO-3 

5.0 

LM138K 

1.2V-32V 

TO-3 


LM338K 

1.2V-32V 

TO-3 

3.0 

LM150K 

1.2V-33V 

TO-3 


LM350K, T 

1.2V-33V 

TO-3, TO-220 

1.5 

LM117K 

1.2V-37V 

TO-3 


LM117HVK 

1.2V-57V 

TO-3 


LM2941CT 

5.0V-24V 

TO-220 


LM317K, T 

1.2V-37V 

TO-3, TO-220 


LM317HVK 

1.2V-57V 

TO-3 

0.5 

LM117H 

1.2V-37V 

TO-39 


LM117HVH 

1.2V-57V 

TO-39 


LM317H 

1.2V-57V 

TO-39 


LM317HVH 

1.2V-37V 

TO-39 


LM317MP 

1 .2V-37V 

TO-202 

0.1 

LM317LZ, M 

1.2V-37V 

TO-92, SO-8 


LM2931CT 

3.0V-24V 

TO-220, 5-LEAD 


LP2951CN, J, H, M 

1.24V-29V 

DIP, CERDIP, HEADER, SO-8 


Adjustable Negative Voltage Regulators 


Amps 

Device 

Output Voltage 

Package 

3.0 

LM133K 

-1.2V- -32V 

TO-3 


LM333K, T 

-1.2V- -32V 

TO-3, TO-220 

1.5 

LM137K 

-1.2V- -37V 

TO-3 


LM137HVK 

-1.2V- -47V 

TO-3 


LM337K, T 

-1.2V- -37V 

TO-3, TO-220 


LM337HVK 

-1.2V- -47V 

TO-3 

0.5 

LM137H 

-1.2V- -37V 

TO-39 


LM137HVH 

-1.2V- -47 V 

TO-39 


LM337H 

-1.2V- -37V 

TO-39 


LM337HVH 

-1.2V- -47V 

TO-39 


LM337MP 

-1.2V- -37V 

TO-202 

0.1 

LM337LZ, M 

-1.2V- -37V 

TO-92, SO-8 
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Fixed Positive Voltage Regulators 


Amps 

Device 

Output Voltage 

Package 

3.0 

LM123K 

5V 

TO-3 


LM2943CT* 

5V 

TO-220 


LM323K 

5V 

TO-3 

1.0 

LM109K 

5V 

TO-3 


LM140AK 

5V, 12V, 15V 

TO-3 


LM140K 

5V, 12 V, 15V 

TO-3 


LM2940CT 

5 V, 12V, 15V 

TO-220 


LM309K 

5V 

TO-3 


LM340AK, T 

5V, 12V, 15V 

TO-3, TO-220 


LM340K, T 

5V, 12V, 15V 

TO-3, TO-220 


LM78xxCK, T 

5V, 12V, 15V 

TO-3, TO-220 

0.5 

LM2984CT 

5V, 12V, 15V 

TO-220, TO-202 


LM341T, P 

5 V, 12V, 15V 

TO-220, TO-202 


LM78MxxCT 

5V, 12 V, 15V 

TO-220 

0.2 

LM109H 

5V 

TO-39 


LM309H 

5V 

TO-39 


LM342P 

5V, 12 V, 15V 

TO-202 

0.15 

LM2930T 

5V,8V 

TO-220 

0.1 

LM140LAH 

5V, 12V, 15V 

TO-39 


LM2931Z, T 

5V 

TO-92, TO-220 


LM340LZ, H 

5V, 12V, 15V 

TO-92, TO-39 


LM78LxxACZ, H, M 

5V, 12V, 15V 

TO-92, TO-39, SO-8 


LP2950CZ 

5V 

TO-92 


* Future Product 


Fixed Negative Voltage Regulators 


Amps 

Device 

Output Voltage 

Package 

3.0 

LM145K 

— 5V, -5.2V 

TO-3 


LM345K 

— 5V, -5.2V 

TO-3 

1.5 

LM120K 

— 5V, -12V, -15V 

TO-3 


LM320K, T 

— 5V, -12V, -15V 

TO-3, TO-220 


LM79xxCT, K 

— 5V, -12V, -15V 

TO-3, TO-220 

0.5 

LM320MP 

— 5V, -12V, -15V 

TO-220 


LM79MxxCP, K 

— 5V, -12V, -15V 

TO-202, TO-3 

0.2 

LM120H 

— 5V, -12V, -15V 

TO-39 


LM320H 

— 5V, -12V, -15V 

TO-39 

0.1 

LM320LZ 

— 5V, -12V, -15V 

TO-92 


LM79LxxACZ, M 

> 

LO 

T 

> 

eg 

T 

> 

in 

1 

TO-92, SO-8 


*The LM320 has better electrical characteristics than the LM79xx. 


LM1 00 Series + 55°C to + 1 50°C 
LM300 Series 0°C to + 1 25°C 
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Low Dropout Regulators 


Amps 

Device 

Output Voltage 

Package 

0.100 

LM2931T, Z 
LP2950CZ 

LP2951N, J, H 

5V, ADJ 

5V 

ADJ 

TO-220, TO-92 

TO-92 

DIP, CERDIP, HEADER 

0.150 

LM2930T 

5V, 8V 

TO-220 

0.500 

LM2984CT 

TRIPLE 5V + WATCHDOG 

TO-220, 11 -LEAD 

0.750 

LM2925T 

LM2935T 

5V WITH DELAYED RESET 

DUAL 5V 

TO-220, 5-LEAD 

TO-220, 5-LEAD 

1.5 

LM2940CT 

LM2941CT* 

5V, 12 V, 15V 

ADJ 

TO-220 

TO-220, 5-LEAD 

3.0 

LM2943CT* 

5V 

TO-220 

’Future Product 
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HS7067/HS7107 7 Amp, Multimode, High Efficiency 
Switching Regulator 


General Description 

The HS7067/HS7107 is a hybrid high efficiency switching 
regulator with high output current capability. The device is 
housed in a standard TO-3 package containing a tempera- 
ture compensated voltage reference, a pulse-width modula- 
tor with programmable oscillator frequency, error amplifier, 
high current, high voltage output switch and steering diode. 
The HS7067/HS7107 operates in a step-down, inverting, as 
well as in a transformer-coupled mode. 

The HS7067/HS7107 can supply up to 7A of continuous 
output current over a wide range of input and output volt- 
ages. 


Features 

B HS7067— 10V to 60V input 
n HS7107— 10V to 100V input 
■ 7 A continuous output current 

b Step-down, inverting, and transformer-coupled operation 
B Frequency adjustable to 200 kHz 
m High-efficiency (>75%) 

B Standard 8-pin TO-3 package 


Block and Connection Diagrams 



Metal Can Package 


PWM CONTROL / Q \ 

AND COMPENSATION I / A OUTPUT 

Vref /* 0° °oV ,0DE 

AMP IN VSocP / C L0CK 
Ct\ 4 5 / NPUT 

\o/ 


TL/K/6746-2 


Top View 

Case is ground 


Order Number HS7067CK, HS7067K, 
HS7107CK or HS7107K 
See NS Package Number K08A 
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HS7067/HS7107 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

V|n, Input Voltage 


HS7067 

65 V 

HS7107 

105 V 

Iqlit. Output Current 

8A 

Tj, Operating Temperature 

150°C 

Pd, Internal Power Dissipation 

25W 


Ta, Operating Temperature Range 
HS7067C/7107C 
HS7067/7107 

t STG. Storage Temperature Range 
Vr(V 8 — 7), 

Steering Diode Reverse Voltage 

I D (I 7 — 8), 

Steering Diode Forward Current 


— 25°C to +85°C 
— 55°C to + 125°C 
— 65°C to + 1 50°C 

105V 

8A 


Electrical Characteristics Tc = 25°C, Vjfsj = 20 V (unless otherwise specified) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vin-VouT 

Min V|n/Vqut Differential 

HS7067 

10V ^ V| N <: V| N (MAX) 

IquT = 2A (Note 6 ) 


3.0 


V 

HS7107 


3.0 


V 

Vs 

Switch Saturation Voltage 

l c = 7.0A, V| N = 10V 

HS7107 


1.6 

TBD 

V 

HS7607 



1.9 

V 

l c = 2.0A, V| N = 10V 


1.0 


V 

V F 

Steering Diode On Voltage 

l D = 7.0A 

HS7107 


1.3 

TBD 

V 

HS7607 


, 1.7 

TBD 

l D = 2.0A 


0.9 


V 

V| N 

Supply Voltage Range 
(Note 7) 

HS7067 

Tmin ^ t A ^ Tmax 

10 


60 

V 

HS7107 

Tmin ^ T a ^ T M ax 

10 


100 

V 

Ir 

Steering Diode Reverse Current 

Vr = 100 V 



60 

juA 

>Q 

Quiescent Current (Note 3) 

0% Duty Cycle (V 3 = 3.0V) 


6 


mA 

100% Duty Cycle (V 3 = 0V) 


26 


mA 

V 2 

Reference Voltage on Pin 2 

Tmin ^ T a ^ T M ax 

2.3 

2.5 

2.7 

V 

VcLKH 

Clock Output High 

Iclk = -750 fiA 

1.2 

1.6 


V 

VcLKL 

Clock Output Low 

ICLK = 80 P-A 



0.9 

V 

av 2 

Line Regulation of 

Reference Voltage on Pin 2 

V MIN ^ V | N ^ V M ax 


5 


mV 

Ra 

Resistance on Pin 3 to Ground 

(Note 4) 


4.0 


kn 

VOUT 

Feedback Resistor Rf Tol. ±1 % 


HS7107 


4 

TBD 

% 

HS7067 



9 

v 4 

Voltage Swing— Pin 4 



3.0 


V 

U 

Charging Current — Pin 4 



330 


jaA 

ICLK 

Clock Input Current — Pin 6 

V C LK = 3.5V 


1.75 

4 

mA 

tr 

Transistor Current Rise Time 

l 0 = 2.0A (Note 6) 


70 


ns 

l 0 = 7.0A (Note 6) 


120 


ns 

tf 

Transistor Current Fall Time 

l 0 = 2.0A (Note 6) 


100 


ns 

l 0 = 7.0A (Note 6) 


160 


ns 

ts 

Diode Storage Time 

l 0 = 7.0A (Note 6) 


120 


ns 

td 

Delay Time 

l 0 = 7.0A (Note 6) 


600 


ns 

^MAX 

Max Clock Frequency 

(Note 5) 



200 

kHz 
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Electrical Characteristics Tc = 25°C, V|n = 20 V (unless otherwise specified) (Continued) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

ZpiN 1 

Impedance at Pin 1 

(Note 6) 


5 


Mft 

V 

Efficiency 

Vout = 5V 
•out = 1 A 

f 0 = 25 kHz (Note 6) 


80 


% 

f 0 = 200 kHz (Note 5) 


70 


% 

0JC 

Thermal Resistance 

(Note 1) 


4.0 


°C/W 


Note 1: 0ja is typically 35°C/W for natural convection cooling. 

Note 2: Vout and Iout refer to the output DC voltage and output current of a switching supply after the output LC filter as shown in Figure 1. 
Note 3: Quiescent current depends on the duty cycle of the switching translator. 

Note 4: This test includes the input bias current of the error amplifier. 

Note 5: Circuit configured as shown in Figure 1. 

Note 6: These parameters are not tested. They are given for informational purposes only. 

Note 7: Functionally tested at limits only (pass-fail). 


Typical Performance Characteristics 


Power Derating Curve 



0 25 50 75 100 125 150 175 

AMBIENT TEMPERATURE (°C) 


Frequency vs Timing 
Capacitance 



Ct-TIMING CAPACITANCE (pF) 


Typical Compensation 



2k 20k 


Rc(fl) 


TL/K/6746-3 


0JC = 4°C/W 
0j A = 35°C/W 


Typical Applications 

THE BUCK CONVERTER (Step Down) 

The buck converter is the most common application in 
switching-power conversion. It allows to step down a volt- 
age with a minimum of components and a maximum of effi- 
ciency (for further information on the theory of operation of 
a buck converter, see AN-343). 


10k 


x Cy C LV|N(MAX)J 

„ t/lcxVTo,. 
Cc = F 


fo 

25 kHz 

200 kHz 

L 

86 ju-H 

21 jliH 

Ct 

0.0039 jaF 

330 pF 

Cc 

0.2 juF 

0.068 jmF 

Rf 

4 k a 

4 k a 

Rc 

5.7 kH 

5.7 k ft 

C OUT 

1500 jaF 

680 jllF 


V|N = 10V to 35V Load Regulation = 40 mV 

VouT = 5V Line Regulation = 5 mV 

Iqut = 1 A to 6A 



TL/K/6746-4 
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Typical Applications (Continued) 

Design equations: 

Following are the design equations for a buck converter ap- 
plication using the HS 7107/7067: 


C 1 

T 10 4 x f 0 

I = ( V IN(MAX)~Vp) Vq 
MIN V 1N( MAX) X f 0 X ai 

CmIN “ 4 f 0 (e 0 -MX ESR) 
„ VToTc 

Cc = -^- 


(Note 7, 9) 
(Note 8, 9) 


Capacitor Losses (Pc) 

P c = Es B x(M_zJffi) 2 

Diode DC Losses (Pd) 

P D = V f X l 0 X (1 - D) 

Drive Circuit Losses (D|_) 

D L = 0.02 X V| N X D 
Inductor Losses (PJ 

P L = to 2 X Rl (DC winding resistance) 
Power Output (Pq) 


r - 2X105 
V IN(MAX) 

Note 7: Lmin is the minimum value of output filter inductance, L, for stable 
operation. 

Note 8: Cmin is the minimum value of output filter capacitance, C, necessary 
to achieve an output ripple voltage, eo- ESR is the Effective Series 
Resistance of the output filter capacitor, C, at the operating frequen- 
cy, f 0 - 

Note 9: AI = Peak to Peak Ripple current through the inductor and the 
AI AI 

capacitor. — c l 0 min and — < 7-l 0 max- 


n ((V|N-V S )t0N)-((V F )t0FF). M 
fON + tOFF 

Efficiency (17) 

^ 

Pin Po + Pt+Ps + Pd + d l + p l +p c 

TRANSFORMER COUPLED CONVERTERS 

In addition to the implementation of a buck converter, the 
HS 7107/7067 can be used in various transformer coupled 
configurations. They can be used in various topologies such 
as: step-up, step-down, inverter, multiple outputs and isolat- 
ed converters. 


Efficiency Equations 

Since high efficiency is the principal advantage of switched- 
mode power conversion, switching regulator losses are an 
important design concern. Losses and efficiency of a buck 
converter can be calculated with the following equations. 
Note: Pin 7 is grounded; lo = average output current at pin 8 

Switching Period (T) 



Duty Cycle (D) 


fQN _ Vq + Vf 
tON + toFF V| N - V S + V F 


Transistor DC Losses (Pj) 

P T = V S X l 0 X D 
Transistor Switching Losses (Ps) 


Ps = (Vin + Vp) x Iq x 


(t r + t f + 2ts) fp 
2 


There are basically two different methods in implementing 
transformer coupled converters: the flyback and the toward 
topology 

The Flyback Principle 

Figure 1 shows a functional diagram of a flyback converter. 
Depending on the turn ratio N2/N1 and the feedback volt- 
age, it can be implemented as a step-down or step-up con- 
verter. 

When the switch is on, the current (l p ) flows through the 
primary winding creating a magnetic flux in the core and 
storing the energy. At this time, the voltage at the secondary 
keeps the same polarity (with respect to the dotted termi- 
nals), the diode is off and no current flows through it. When 
the switch is off, the voltage at the secondary and primary 
becomes reversed and the diode turns-on (1^). The stored 
energy is then transferred to the load and the output filter 
capacitor. The energy stored in the capacitor will supply the 
load current during the next turn-on. 


Vas 
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Typical Applications (Continued) 


V p = Voltage at primary 

V as = Voltage across the switch 

V s = Voltage at the secondary 

Ip = Current at primary 

Id = Current through diode 

l c = Current through output cap 

•out - Output current of the converter 

Al = Ripple current 

0 = T 0n /(T 0 {f + T 0 n) 

F = Switching frequency 

Vdf = Forward voltage drop of the diode 

Vi = V out X IVN 2 V 2 = V in + V out N-|/N 2 

V3 = Saturation voltage of the switch 

V 4 « Vout + V df V 5 = V in X Na/N! 


The load current is not supplied directly by the input source 
when the switch is on, but only by the energy stored in the 
output capacitor. The output voltage is monitored by the 
feedback loop which controls the duty cycle (D) through the 
PWM (Pulse Width Modulator) which in turn, modulates the 
amount of energy being transferred from the input to the 
output. Figure 2 shows the waveforms of a continuous 
mode flyback converter (primary current l p is DC biased). 



The Forward Principle 

The forward converter is a little more complex and requires 
more components than the flyback, but the output ripple 
voltage is smaller. Figure 3 shows a simplified diagram of a 
forward converter. 

When the switch turns-on, a voltage V 5 = Vi x N2/N1 
appears at the secondary of the transformer. The diode D 2 
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Typical Applications (Continued) 

is off while Di turns-on, allowing the current to flow through 
the inductor L (l^i and y. storing energy in its core, and 
supplying the load current (l ou t) and the capacitor current 
(l c ) at the same time. When the switch turns-off, the mag- 
netic energy stored in the core of the inductor creates a 
current (1^) which flows through the diode D 2 . The load 
current l out therefore, equals to Id 2 + lc- 
During the “off” time of the switch, some residual magnet- 
ism will stay in the core of the transformer and has to be 
removed before the next cycle, so that it does not accumu- 
late, leading to core saturation. 

A demagnetizing winding is used to “dump” the residual 
energy back to the input or output of the converter. The 


V p = Voltage at primary 

V as - Voltage across the switch 

V s = Voltage at secondary 

Ip = Current at primary 

Idi = Current through diode D-) 

1^2 = Current through diode D2 

Id3 = Current through diode D3 

ll_ = Current through inductor L 

l c = Current through output cap 

•out = Output current of the converter 

A| = Ripple current 

F = Switching frequency 

D = T on / (T 0 ff + T on ) 

Vi =V in X IVN3 V 3 = V in 
v 2 = V in + V 1 

V 4 = Saturation voltage of the switch 
V 5 = V in X N2/N1 V 6 = V in X N 2 /N 3 

Figure 4 shows the waveforms of the forward converter. 
When the switch is off, V as = Vj n + (Vj n X N 1 /N 3 ) during 
the demagnetization time (T<j) and then, drops to V as = Vj n 
as indicated in Figure 4. 


functional principle of the demagnetizing winding is similar 
to the flyback in the sense that, during the turn-off time, the 
residual magnetism will generate a reverse voltage at the 
demagnetizing winding (with respect to the dotted terminals) 
turning on the diode D 3 . 

In the forward mode, when the switch is off, the load current 
is supplied by the energy stored in the output capacitor and 
the choke inductor but when the switch is on, it is supplied 
by the input source through the transformer. This accounts 
for the lower output ripple voltage. 

The output voltage is monitored by the feedback loop, 
which controls the duty cycle through the PWM, which in 
turn modulates the amount of energy being transferred from 
the input to the output. 



H rl rl 4 


T1 





< 

T> 

A 



t 


-4 4 4 4 
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FIGURE 4. Typical Forward Waveforms 
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Typical Applications (Continued) 

With both flyback and forward topologies, it is possible to 
design an inverting converter by using an external op-amp 
(i Figure 5). 



Flyback Step-Up Application 

Figure 6 shows flyback converter in a step-up mode where 
an input voltage of + 12V to +30V will be converted into a 
regulated output voltage of + 50 V. 


Performance Data 


Parameter 

Conditions 

Result 

Efficiency 

V ou t = 50V @300 mA 

V in = 15V 

82% 

Line Regulation 

V ou t = 50V @300 mA 

12V <: Vj n <: 30V 

0.2% 

Load Regulation 

V in = 15V 

Vout = 50V 

50 mA ^ l ou t ^ 300 mA 

0.2% 


Isolated Flyback Converter 

Figure 7 shows an isolated flyback converter using a sense 
winding for feedback. Although, in practice the line regula- 
tion is acceptable, the load regulation can be marginal if the 
coupling between the windings is poor. However, the sense 
winding cannot detect any ohmic voltage drop in the main 
output so, a heavier gauge wire should be used to reduce 
this regulation error. Also, the sense winding will not sense 
the non-linear voltage drop across the diode, and this ac- 
counts for most of the load regulation inaccuracy. There- 
fore, the sense winding method is only recommended for 
applications where load variations are small. 

Figure 7 shows an isolated flyback converter with an output 
of 5 V at 2A. The input voltage range is from +10V to 
+ 40V. The output can be adjusted to +5V by using the 
5 kH trimpot. 


Performance Data 


Parameter 

Conditions 

Result 

Efficiency 

V out = 5V @ 2A 

V in = 30V 

75% 

Line Regulation 

V ou t= 5V@2A 

10V ^ V in <: 40V 

5% 

Load Regulation 

V in = 30V - 

1A ^ lout ^ 2A 

7% 


Isolated Forward Converter 

As described previously, forward converters exhibit lower 
output ripple voltage and the opto-coupler feedback 
scheme provides good regulation as well as input to output 
isolation. 

An opto-coupler feedback is usually difficult to implement 
because the transfer function of the opto-coupler is non-lin- 
ear, the current transfer ratio changes with time and temper- 
ture and also from one unit to another. Figure 8 shows the 
circuit diagram of a 5V @ 3A power converter with an input 
voltage range of +14V to +30V using an isolated forward 
topology. 



50V 

@300 mA 


0 V 


TL/K/6746-1 1 


A 12V to 60V input Voltage Range is possible by replacing the HS7067 with a HS7107. The converter will operate in a discontinuous mode above 30V with a 
300 mA load (the transformer’s secondary current drops to zero before the switch turns on) and therefore, may generate more switching noise. 


FIGURE 6. Flyback Step-Up Converter 
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Typical Applications (Continued) 

An LM 385z (adjustable reference) is used as a comparator 
and error amplifier. This reference always wants to maintain 
1 .2V between pins 1 and 2 and will draw as much current as 
necessary from the opto-coupler to achieve this. Therefore, 
the feedback loop is virtually independent of the gain of the 
opto-coupler. 


Performance Data 


Parameter 

Conditions 

Result 

Efficiency 

V out = 5V @ 3A 

V in = 30V 

78% 

Line Regulation 

V ou t = 5V @ 3A 

14V ^ V in ^ 30V 

0.1% 

Load Regulation 

Vout = 5V 

V in = 20V 

0.5A ^ lout £ 3A 

0.1% 


Isolated Telecom Converter 

Figure 9 shows an isolated triple output converter which will 
transform a positive or negative input voltage of 32V to 60V 
to an uncommitted triple output of +12V, -12V, and 5V, 
which may be later referenced to the system ground. This 
converter is ideal for a step down converter of high positive 
voltage or high negative voltage such as -48V used in tele- 
com circuits. 


Performance Data 


Parameter 

Conditions 

Result 

Efficiency 

V-j = 5.1V @2A 

V 2 = -12V @ 150 mA 

V 3 = 12V @ 100 mA 
|Vj = 48V 

62% 

Line Regulation 
on Main Secondary 

40V £ |V in | £ 60V 

Vt = 5.1V @2A 

V 2 = -12V @ 150 mA 

V 3 - +12V@ 150 mA 

0.8% 

Load Regulation 
on Main Secondary 

1 V in l = 48V 

V! = 5.1V 

V 2 = 12V @ 150 mA 

V 3 = 12V @ 150 mA 

0.5 £ lout ^ 2A 

1% 

Load Regulation 
on 12V Secondary 
for Simultaneous 
Load Changes 

|V in | = 48V 
= 5.1V @2A 

V 2 = -12V 

V 3 = 12V 

75 mA ^ l ou t ^ 150 mA 

5% 



FIGURE 9. Telecom Flyback Converter 
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Application Hints 

DUTY CYCLE LIMITING 

In a flyback converter, the error amplifier sees OV at the 
output of the converter during the initial turn-on, and forces 
the duty cycle to 100% until it sees the output voltage rising 
to the final value; but no voltage will appear if the switch 
does not turn off (see flyback principle). The result is that 
the core will saturate, reducing the effective impedance of 
the transformer to about Oft, and destroying the pass tran- 
sistor. To prevent this, the duty cycle must be limited to a 
value at which the core does not saturate. A diode connect- 
ed between pins 1 and 2 {Figure 10), will limit the duty cycle 
to about 80%. 



5 HS7107 8 
HS7067 

1 2 







LZ 

_kJ , 

J 

1 

L i 

jz 1N914 ~ 


i i 

i i 

TL/K/6746-15 

FIGURE 10. Duty Cycle Limiting Circuit 
SOFT START 

For any converter, connecting a large capacitor (20 to 
200 juF) between pin 2 and the case is recommended to 
allow the reference voltage to slowly reach its final value 
after start-up. This allows the HS 7067/7107 to start-up 
smoothly and minimizes the inrush current. The time con- 
stant can be calculated by: 

T = 10 3 x C 

It is always a good practice to incorporate soft start and duty 
cycle limiting when designing a switching power converter, 
especially when a current limit circuitry is not utilized. 

CURRENT LIMIT 

The schematic in Figure 11 shows how to protect the pass 
transistor against excessive current, by sensing the current 
through a series resistor, and shorting the PWM control volt- 
age at pin 1 to ground, using transistor 2N5772 (this is made 
possible by the 5 Mft output impedance of the error amplifi- 
er), which will cause the pass transistor to turn off. 



TL/K/6746-16 

FIGURE 11. Current Limit Circuitry 


The sense resistor should be a low inductance type, other- 
wise the series inductance creates a high impedance at 
transients and activates the shutdown circuitry. If such a 
resistor cannot be found, a 0.1 jaF connected in parallel with 
it will compensate the series inductance. 

When such a circuitry is used, the duty cycle limiting diode 
becomes optional, but the soft start capacitor should still be 
at least 10 jaF. 

DECOUPLING AND GROUNDING 

Special attention should be given to the decoupling of the 
HS 7107/7067 itself at the input (pin 5), where the capacitor 
must be at least 100 jaF and connected as close to the 
device as possible. Large switching spikes at the input of 
the pass transistor can cause breakdown of the junction 
and destroy the device. (See Figure 12.) 

The waveform at the top of the picture represents the volt- 
age across the switch of a typical BUCK (step down) con- 
verter. When the switch is turned off, the current in the in- 
ductor falls to zero (see waveform at the bottom) and a 
switching spike occurs across the switch. This spike can 
reach several tens of volts on top of the normally expected 
voltage across the switch and lead to stress on the device if 
the overall voltage exceeds the maximum rating. 

The picture below shows a spike of about ten volts with a 
330 juF capacitor of average quality. 


VOLTAGE ACROSS 
PIN 5 & PIN 8 


CURRENT 

THROUGH 

SWITCH 



VERTICAL SCALE: 20 VOLTS /DIV 
HORIZONTAL SCALE: 2 jxS/DIV 

TL/K/6746-17 

FIGURE 12 

The reference voltage (pin 2) must be decoupled with at 
least 10 jaF and the compensation network (pin 1) should 
be decoupled with a ceramic capacitor of 1 nF to 10 nF. 
Switching noise on the reference voltage pin (pin 2) or on 
the compensation pin (pin 1) can create different types of 
oscillations and instabilities. 

Because of the high current and high voltage capability of 
the HS 7107/7067 a single point grounding or, at least a 
grounding where the force ground is separated from the 
circuit ground, is highly recommended. 


Ordering Information (Transformers and Inductors) 


PULSE ENGINEERING INC. 
7250 Convoy Court 
San Diego, CA 921 1 1 
USA 


Tel: (619) 268-2400 
TWX: 910-335-1527 
FAX: 619 268-2515 
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Semiconductor 

Corporation 



PRELIMINARY 


HS9151 Micro-Switching Off-Line Power Converter 
120 Vac/ + 5V @ 3 Amps 


General Description 

The HS9151 — Micro-Switching Off-Line Power Converter is 
a hybrid power converter housed in a 3.5" x 1.5" x 0.44" 
metal dual-in-line package. 

The high efficiency of the Off-Line Converter is achieved by 
using advanced switching technology. 

A 1 MHz PWM controller with current limiting and tempera- 
ture protection is incorporated in the package. Also, the in- 
put and output rectifiers and magnetics are included as well 
as an internally adjusted opto-isolator feedback stage. 

With a 120 Vac nominal input voltage, the HS91 51 can sup- 
ply 3 amps at +5 Vdc over a temperature range of -25°C 
to +85°C and only requiring a heatsink for operation above 
40°C. 

The HS9151 provides access to the clock input pin for syn- 
chronization of several HS9151s from an external clock, or 
the internal clock of one unit can be used as a master clock 
for several units. The HS9151 also features softstart at pow- 
er up. 


Features 

db 120 Vac or 170 Vpc nominal input 
a +5 Vdc output at 3 amps 
B 3.5" x 1.5" x 0.44" size 
B 1000 V RM s/1500 Vdc Input/Output isolation 
a Full 3A output current capability over temperature 
■ Synchronization 

b Shortcircuit/temperature protection 
b Softstart and remote shutdown 
b 1 MHz switching frequency 
b Isolated case 


Block and Connection Diagrams 



Note 1: Caution: this device is operated directly from the 115 Vrms AC line. An isolation transformer must be used 
when making measurements with test equipment, to prevent personnel exposure to lethal voltage potentials. Stan- 
dard high voltage safety procedures should also be observed. 

Note 2: Pin 2 is connected to case ground. 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

V|n, Input Voltage 

AC Voltage (Pin 1 to Pin 12) 140 Vac 

DC Voltage (Pin 1 0 to Pin 1 1 ) 200 V DC 

Iout. Output Short 

Circuit Duration Continuous 

Ta, Operating Temperature Range 
Tcase. Operating Case Temperature 
Tstg. Storage Temperature Range 
Voltage Differential 

Input to Output (1 Min.) 

Non-Repetitive Sinusoidal Surge 
through Bridge Rectifier (10 ms) 

— 25°C to +85°C 
100°C 

— 65°Cto + 150°C 

1500 V DC 

20A 

Electrical Characteristics Ta = 25°C, Vin = 120 Vrms AC unless otherwise specified 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Output Voltage 

V|N = 90 to 130 Vac or 

V| N = 1 15 to 190 V DC 

Iout = 0.5A to 3A 

4.875 


5.125 

VdC 

Output Transient 

Recovery Time 

Iout = 2A to 3A 


500 


jllS 

Load Regulation 

Iout = 0.5A to 3A 



±1.0 

% 

Line Regulation 

V| N = 90 to 130 Vac 





Peak to Peak 

Output Ripple 

Iout = 3A 
(Note 1) 


50 


mV 

(0-20 MHz) 

Input to Output 

Isolation 


100 



Mft 

Efficiency 

Iout = 3A 
•out = 0.5A 


75 

50 


% 

% 

Clock In 

Positive Going 

Threshold Vj+ 

Negative Going 

Threshold \fj~ 

10.0 


2.5 

V 

V 

External Clock 

Frequency to Clock In 



1 


MHz 

External Clock 

Duty Cycle 

48 


75 

% 

Clock Out 
(no external load) 

Iout = 0-5 rnA 

V 0 L 

VOH 

10.0 


0.5 

V 

V 

Shutdown SD 

(See Figure 2) 



2.5 

V 

Note 1: The output ripple is dependent on the ESL and ESR of the output filter capacitor (see Figure 4). 
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Typical Performance Characteristics 


Heatsinking Requirements 



0.0 05 1.0 15 10 25 35 


Efficiency vs. Output Current 



Absolute Maximum 



-25 0 25 50 7Q75 85 


OUTPUT CURRENT, AMPS 

Note: Case temperature should not exceed 100°C. 


OUTPUT CURRENT, AMPS 


AMBIENT TEMPERATURE, °C 

TL/K/8502-3 

Note: Assumes Tcase (MAX) = 100°C. 


Application Information 

IN-RUSH CURRENT LIMITING 

During start up, the input of the HS9151 presents a very low 
impedance to the AC line, generally only the ESR of the 
input filter. If current limit is not provided at the input, the 
high in-rush current can destroy the input rectifier bridge. 

A ion (1 Watt) resistor should be placed in series with the 
input rectifier bridge and the AC line to limit the current to a 
non-destructive level. This scheme reduces the efficiency of 
the power converter by approximately 3% at full load due to 
the l 2 R loss in the resistor (see Figure 4). 

CLKIN and CLKOUT 

The HS9151 provides an internal 1 MHz clock, CLKOUT 
(pin 4), that allows several units to be synchronized to one 
master clock in applications where multiple units are used. 
The logic high is specified at 10.0V (min.) and logic low is 
specified at 0.5V (max.) when Iqijt = ±1 rnA. The CLKIN 
(pin 3) allows the power converter to use an 


externally supplied 1 MHz clock instead of using the oscilla- 
tor provided inside the HS9151. Isolation is required when 
using an external clock. In applications that do not require 
synchronization, the CLKIN and CLKOUT pins should be 
connected together. 

Figure 1 below, shows the connection scheme when three 
HS9151s are synchronized off the same master clock pro- 
vided by unit # 1 . 

REMOTE SHUTDOWN SD 

A remote shutdown function (pin 9) is also provided in the 
HS9151 . This allows the switching converter to be disabled 
when pin 9 is brought below 2.5 volts. This feature allows 
proper power up sequencing of a complex system, and it 
also enables peripheral equipment to be turned on and off 
remotely. An input equivalent circuit of the SD pin is shown 
in Figure 2. 



FIGURE 1. HS9151 Synchronization 
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Application Information (Continued) 



TL/K/8502-5 

FIGURE 2. HS9151 Shutdown Block Diagram 


LOGIC HI 
(DISABLE) 

_TL 

LOGIC LO 
(ENABLE) 



5V - v F ( LED )- v OL ( 7406 ) 

'f p 

K IN 

' TL/K/8502-6 

FIGURE 3. Remote Shutdown Using an Opto Coupler and + 5V Logic 


Because the shutdown control is located on the primary 
side of the power converter, it is recommended that the 
shutdown control signal, SD, be isolated either optically or 
by other means. Figure 3 shows a typical implementation of 
the remote shutdown function, using an opto coupler for 
isolation. 

When the shutdown feature is used in systems where multi- 
ple HS9151s are synchronized from a master clock (see 
Figure 1) and sequenced, the shutdown procedure should 
be such that the master unit is the last unit to be turned off 
and the first one to be turned on. 


Typical Applications 

The HS9151 can be configured into a complete 5 V @ 3A 
power supply by simply adding an input capacitor and two 
output capacitors. Figure 4 shows an implementation using 
a 100 jaF input capacitor to provide a holdup time of 16 ms. 
A 220 juF aluminum electrolytic capacitor in parallel with a 
5 juF low ESL capacitor guarantees loop stability under all 
line and load conditions. The low ESL (equivalent series 
inductance) capacitor also keeps the output ripple under 
50 mV peak to peak. A 1 30 Vac metal oxide varistor (MOV) 
is also necessary for input protection and the 10ft, 1 Watt 
resistor limits in-rush current to under 20A. 
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Typical Applications (Continued) 



60 Hz 

FIGURE 4. HS9151 Configured as a 15W Power Supply 
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XI SAE FI 5209 Line Filter, TRI-MAG G3-1 or equivalent 
X2 GE V130LA1 Metal Oxide Varistor 
Cl Mepco/Electra 3476 LK1 01 M200 JMBS or equivalent 
200V 100 F Aluminum Electrolytic 

C2 Rel-Cap PPMF505KIR OR Electronic Concepts 5MC 22B 505K 
100V, 5 jliF Polypropylene 50V, 5 juF Polycarbonate 

C3 Mepco/Electra 3481 CE221V025 JDBS or equivalent 
25V, 220 /xF Aluminum Electrolytic 


Reliable Capacitors 
12931 E. Sunnyside Place 
Sante Fe Springs, CA 90670 
(213) 946-8577 


Electronic Concepts Inc. 
P. O. Box 627 
Eatontown, NJ 07724 
(201) 542-7880 


SAE Power Devices TRI-MAG, Inc. 

340 Martin Ave. 8204 W. Doe St. 

Santa Clara, CA 95050-1997 Visalia, CA. 93277 
(408) 988-0700 (209)651-2222 


The efficiency of the power supply is a function of the input 
line voltage and the output load current. At maximum load 
current, the efficiency is the highest, approaching 75% with 
Vj n = 120 VAC. Also, the efficiency varies by less than 
± 2 % when the line voltage changes from low line to high 
line at maximum output load current (see graph for efficien- 
cy versus output current). 

THERMAL CONSIDERATIONS 

The HS9151 is housed in an all metal hybrid power package 
measuring only 3.5" x 1 .5" x 0.44" . The low thermal resist- 
ance of this package allows the power converter to operate 
at full power (5V at 3A) without a heatsink up to an ambient 
temperature of 40°C. For operation beyond 40°C, some 


form of heat sinking is recommended. The rise in tempera- 
ture of the internal components is dependent on the power 
delivered at the output. Under normal operating conditions, 
it is recommended that the case temperature of the HS91 51 
be kept below 90°C. Under these conditions, the junction 
temperature of the internal integrated circuits are kept be- 
low 11 5°C. 

For selecting a proper heatsink consult the graph provided. 
This information greatly simplifies the task of selecting the 
proper heatsink for the HS9151 when it is operated at ele- 
vated temperatures. For example, when a load current of 3 
amperes is drawn from the power converter, and a heatsink 
with a 2°C/W thermal resistance is used, the case tempera- 
ture would increase by 10°C. Alternatively, if a 6°C/W heat- 
sink were used, the case temperature would go up by 30°C. 
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National 

Semiconductor 

Corporation 


LH0075 Positive Precision Programmable Regulator 

General Description Features 


The LH0075 is a precision programmable regulator for posi- 
tive voltages. Regulated output voltages from 0 to 27V may 
be obtained using one external resistor. Also available with- 
out any external components are several fixed regulated 
voltages with accuracies to 0.1% (5V, 6V, 10V, 12V and 
1 5V). The output current limit is adjustable from 0 to 200 mA 
using two external resistors. These features provide an in- 
ventory of precision regulated values in one package. 


■ Output adjustable to 0V 

■ Line regulation typically 0.008%/V 

■ Load regulation typically 0.075% 

■ Remote voltage sensing 

■ Ripple rejection of 80 dB 

■ Adjustable precision current limit 

■ Output currents to 200 mA 

■ Popular voltages available without external resistors 


Schematic Diagram 



Connection Diagram Typical Applications 


TO-8 Metal Can Package Precision 15V Reference Supply without Current Limit 
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Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 4) 


Input Voltage 
Output Voltage 
Output Current 
Power Dissipation 


32V 
27 V 
200 mA 
See Curve 


Operating Temperature Range 
LH0075 
LH0075C 

Storage Temperature 

Lead Temp. (Soldering, 10 seconds) 


— 55°C to + 1 25°C 

0°C to + 70°C 

— 65°C to + 1 50°C 

300°C 


Electrical Characteristics Conditions for Tmin^Ta^Tmax unless otherwise noted 


Parameter 

Conditions 

LH0075 

LH0075C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Line Regulation 

T a = 25°C 


0.008 

0.02 


0.008 



Load Regulation 

T a = 25°C, 

1 mA<l|_oAD <2 °0 mA 
Vqut^S.OV 


2.5 

7.5 


2.5 

15 

mV 


Vout^ 5 -0V 


0.055 

0.15 


0.055 

0.3 

% 

Reference Current (Iref) 

T a = 25 0 C, V| N = 15V 

0.998 


1.002 

0.995 

1.00 

1.005 

mA 

Load Regulation 

1 mA<l[_oAD <2 °0 mA 


■R 







Vqut^.OV 



15 


4.0 


mV 


Vqut^5.0V 



0.3 


0.075 


% 

Reference Current Drift 
(AlREF/ATemp.) 

V| N = 15V 







%/°C 

Minimum Load Current (I|_im) 

(Note 1 ) 

98 

B^ipppl 





jwA 

Output Voltage Range 


0 


mm 

0 



V 

Minimum Input Voltage 


10 



10 



V 

Input-Output Differential 

T a = 25 0 C, 






3.5 

V 

Voltage 

1 mA<l|_oAD <200 mA 








Quiescent Supply Current 

V| N = 1 5V 


6.0 

8.0 


6.5 

10 

mA 

Ripple Rejection 

V O UT = 5.0V,f=120 Hz 


65 



65 


dB 


Cref= 2 - 2 ^ 


80 



80 


dB 

Output Voltage 

Tolerance 

T a = 25°C (Note 2) 


±0.1 

±0.5 


±0.1 

±1.0 

% 

Output Voltage Change with 
Temperature (AVoirr/ATemp.) 

(Note 3) 


0.003 





%/°C 


Note 1: Minimum load current is established by Ilm the current from Q4 (see schematic). Ilm goes directly to the output if the current limit feature is used. 
Note 2: For V|n = 15V and Vout obtained by using R5, R6, R7, and R12 individually. 

Note 3: Total change over specified temperature range. 

Note 4: Refer to RETS075G drawing for military specifications on the LN0075. 
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JPUT VOLTAGE OUTPUT VOLTAGE LOAD CURRENT OUTPUT VOLTAGE 

CHANGE (VI DEVIATION (mV) (mA) CHANGE (V) OUTPUT VOLTAGE CHANGE (%) 


Typical Performance Characteristics 


Maximum Power Dissipation 


Reference Current Change with 
Temperature (Normalized) 


Temperature Stability 




25 50 75 100 125 150 

TEMPERATURE <°C) 


iimtui 






-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


EChHj 




-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C> 


Output Voltage Change with 
Temperature (Normalized) 



-50 -25 0 25 50 75 100 125 

TEMPERATURE ( C) 


Current Limit 



-50 -25 0 25 50 75 100 125 

TEMPERATURE ( Cl 


Input-Output Differential 
Voltage 


•OUT ■ 200 mA - 
■ lQUT“ 100mA- 


-50 -25 0 25 50 75 100 125 

TEMPERATURE ('0 


Load Transient Response 
(Voltage Mode) 



20 40 60 

TIME („s) 


Load Transient Response 
(Current Mode) 






L V|N = 

5V 






'OUT 

100 mA, MAX] 


L 



C REF 

0 




X 


























V 













































20 4Q 60 
TIME (,/s) 


Ripple Rejection 

( |— 

Cref = 2.2pFd 


V, n =15V ^ 

„ _ 'out = 200 mA 

Vqut'IOV \ 

Tj = 25 C 

a 1 1 

10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Line Transient Response 


Line Transient Response 


400 

V|'n = 

15v‘ 






2000 

’OO 

v OUT 

= 5V 







100 

C REF 

= u 







^ cnn 


k 








5 < 3UU 
£: > n 

-100 

t 

— 




-t 


I 

o ° 

-500 


100 200 300 400 

TIME <* js ) 



100 200 300 400 

TIME (m) 


Output Impedance 


— 

VlN- 

15V 





vou 

'I “ 

r-sv 

00 mA 









z 





z 





z 











10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 

TL/H/5549-2 
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Typical Applications (Continued) 

2A Regulator with Current Limit 



Variable Voltage Reference with Current Limit 



* ’Optional— improves transient response 

Vqut Desired 


TL/H/5549-3 


R PROG = ' 


1 mA 


, Rlimit , / 

'OUT(MAX) - [~ r sen ' " + 1 X 1 00 juA 


Iout^ 200 mA 

Applications Information 

The LH0075 does not require capacitors for stable opera- from filter capacitors. A 0.1 jixF for input bypassing should 

tion, but an input bypass is recommended if device is far be adequate for almost all applications. 
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Applications Information (Continued) 

DESCRIPTION OF OPTIONS 

Ripple Rejection Compensation. (Increases Ripple Re- 
jection Typically to 80 dB) 

The ripple rejection may be improved by connecting an ex- 
ternal capacitor between pin 9 and ground. (The typical per- 
formance curves show the rejection with a capacitance of 
2.2 jaFd.) 

Internal Voltage Programming 

The LM0075 provides various precision output voltages sim- 
ply by using one or more of the internal resistors. A particu- 
lar voltage may be obtained by external connections as 
shown in Table I. 



R5, R6, R7 and R12 are 
precision-trimmed to 0.1 %. 


TL/H/5549-4 


FIGURE 1 


External Voltage Programming 

An external resistance can be connected between pin 9 and 
ground to obtain any voltage from 0 to 27V using the follow- 
ing equation: 

_ Vqut Desired 

Rext — r^r~ 

The reference current (Iref) has a typical temperature coef- 
ficient of-65 ppm/°C. Choosing a resistive material with a 
temperature coefficient of 65 ppm/°C will compensate the 
negative temperature coefficient, resulting in an output volt- 
age with minimal change over the operating temperature 
range. Example of a good resistive material is Nichrome, 
which has a typical temperature coefficient of 80 ppm/°C. 


Since a current source is used as a reference, this makes 
remote voltage programming possible. 

Current Limit Programming 

The maximum current output of the device may be limited 
by adding two external resistors as shown below. The resis- 
tor values are easily calculated with the following equation: 

Iout(max) = [ ^ S ense + 1 1 X 100flA 
where Rsense to 10D 



This programmable current limit feature can be extended to 
make the LH0075 a programmable constant current source. 
This can be done by leaving pin 9 open and setting 
Rlimit and Rsense as desired. 

For applications where the current limit is used, a minimum 
load current of 100 /xA is established at the output. This 
arises from the fact that the constant current used in setting 
maximum output current is 100 /xA, and it goes directly to 
the output of the LH0075. If the total current drawn from the 
output is less than the minimum, the output will rise. 

As in the remote voltage adjustment application, remote 
current sensing can be applied similarly. Rsense m ust be 
placed as close to the output of the LH0075 as possible, but 
r limit can be a fixed resistor or potentiometer located re- 
motely from the device. 


TABLE I. Connection Scheme for Internal Available Output Voltages 


OUTPUT 
VOLTAGE (V) 

PIN 5 

PIN 6 

PIN 7 

PIN 8 

PIN 9 

5 



Gnd 



6 




• 

* 

8 

* 

t 




10 


Gnd 

9 



12 

Gnd 


* 



15 


Gnd 




18 




* 




D 
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National 

Semiconductor 

Corporation 



LH0076 Negative Precision Programmable Regulator 


General Description 

The LH0076 is a precision programmable regulator for neg- 
ative voltages. Regulated output voltages from 0 to -27V 
may be obtained by using 1 external resistor. Also available 
without any external components are several fixed regulat- 
ed voltages with accuracies to 0.1% (-3V, -5V, -6V, 
— 8V, — 9V, -12V, -15V and -18V). The output current 
limit is adjustable from 0 to 200 mA using 2 external resis- 
tors. These features provide an inventory of precision regu- 
lated values in 1 package. 


Features 

■ Line regulation typically 0.005%/V 

■ Load regulation typically 0.02% 

■ Remote voltage sensing 

■ Ripple rejection-70 dB 

■ Output Adjustable to 0V 

■ Adjustable precision current limit 

■ Output current to 200 mA 


Schematic Diagram 



R7 


Connection Diagram Typical Applications 

Metal Can Package Precision - 15V Reference Supply without Current Limit 

c 




Case is electrically isolated See NS Package H 1 2B 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 4) 

Input Voltage -32 V 

Output Voltage —27V 

Output Current 200 mA 

Power Dissipation See Curve 


Electrical Characteristics Conditions are for Tmin^ t A^ t max unless otherwise noted 


Parameter 

Conditions 

LH0076 

LH0076C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Line Regulation 

T a = 25°C 


0.005 

0.02 


0.005 

0.04 

%/V 

Load Regulation 

T a = 25°C, 

1 mA < 1 load < 200 mA 
V OU T^-5.0V 

VoUT^ — 5.0V 


0.02 

7.5 

0.15 


0.02 

15 

0.3 

mV 

% 

Reference Current (Iref) 

T a = 25°C, V, n = —15V 

0.998 

1.000 

1.002 

0.995 

1.000 

1.005 

mA 

Reference Current Drift 
(AI R EF/ATemp.) 

V| N = —15V 


-0.0065 



-0.0065 


%/°C 

Minimum Load Current (Ilim) 

(Note 1 ) 

98 

100 

102 

95 

100 

105 

ju,A 

Output Voltage Range 


0 


-27 

0 


-27 

V 

Minimum Input Voltage 


-10 



-10 



V 

Input-Output Differential 

Voltage 

T a =25°C, 

1 mA<lLOAD < - 2 00 mA 


2.7 

3.2 


2.7 

3.5 

V 

Quiescent Supply Current 

V| N =-15V 


11 

15 


11 

15 

mA 

Ripple Rejection 

V 0U t = 5.0V, f= 120 Hz 


70 



70 


dB 

Output Voltage 

Tolerance 

T a = 25°C, (Note 2) 


±0.1 

±0.5 


±0.1 

±1.0 

% 

Output Voltage Change with 
Temperature (AVoui/ATemp.) 

(Note 3) 


0.003 



0.003 


%/°C 


Note 1: Minimum load current is established by I|_im» the current to Q2 (see schematic.) l(_tM draws directly from the output if the current limit feature is used. 
Note 2: For V|n = 15V and Vqut obtained by using R4, R5, R6, and R8 individually. 

Note 3: Total change over specified temperature range. 

Note 4: Refer to RETS0076G for military specifications on the LH0076. 


Operating Temperature Range 
LH0076 
LH0076C 

Storage Temperature 
Lead Temperature 
(Soldering, 10 seconds) 


— 55°C to + 125°C 
— 25°C to +85°C 

— 65°C to + 1 50°C 

300°C 
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Typical Performance Characteristics 


Maximum Power Dissipation 


Mil "1 




sSnSS 

— 





i r^i 



SPSS 

s. - 


L_ 






5SS5 

B 

|H 


I 25 50 75 100 125 150 

TEMPERATURE (°C) 


Reference Current Change with 
Temperature (Normalized) 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Temperature Stability 


-25 0 25 50 75 100 125 

TEMPERATURE TC) 


Output Voltage Change with 
Temperature (Normalized) 


SO -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Current Limit 


-50 -25 0 25 50 75 100 125 

TEMPERATURE ("C) 


Input-Output Differential 
Voltage 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Load Transient Response 
(Voltage Mode) 


V| N ■= -20V 
V0UT--5V 



Load Transient Response 
(Current Mode) 


V )N = -20V 
•0UT = 100 mA (MAX) 



Line Transient Response 


0 20 40 60 80 100 

TIME Ois) 

0 20 40 60 80 100 

TIME M 

0 100 200 300 400 500 

TIME (vs) 

Quiescent Input Current 

Ripple Rejection 

Output Impedance 



10 -20 -30 

-40 

10 100 Ik 10k 100k 1M 10M 

10 100 Ik 10k 100k 1M 10M 

INPUT VOLTAGE (V) 


FREQUENCY (Hz) 

FREQUENCY (Hz) 




TL/H/5548-3 


- 3 ( 














Typical Applications (Continued) 


Variable Voltage Reference with Current Limit 



2-Amp Regulator with Current Limit 



Application Information 

The LH0076 does not require external capacitors for stable 
operation. However, an input bypass is recommended if the 
device is far from filter capacitors. A 0.1 /iF for input bypass- 
ing should be adequate for most applications. 

DESCRIPTION OF OPTIONS 
External Voltage Programming 

An external resistance can be connected between pin 10 
and ground to obtain any voltage from 0 to —27V using the 
following equation: 

_ Vout desired 
r ext = — — r-T— 


The reference current (Iref) has atypical temperature coef- 
ficient of -60 ppm/°C. Choosing a resistive material with a 
temperature coefficient of 60 ppm/°C will compensate the 
negative tempco of the reference current, resulting in an 
output voltage with minimal change over the operating tem- 
perature range. Example of a good resistive material is ni- 
chrome, which has a typical tempco of 80 ppm/°C. Ni- 
chrome is the resistive material used in the LH0076, result- 
ing in output voltage drift of 20 ppm/°C typically. 
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Application Information (Continued) 

Because a current source is used as a reference, remote 
voltage programming is possible. 

Internal Voltage Programming 

The LH0076 provides various precision output voltages sim- 
ply by using 1 or more of the internal programming resistors. 
These voltages may be obtained by using the connections 
as shown in Table 1. 


r TOTAL is the total resistance between pin 10 and ground 




Vqut = Iref X (Rtotal) 


'REFERENCE '1mA 


TL/H/5548-5 


R4, R5, R6 and R8 are precision trimmed to 0.1% 

FIGURE 1 


"sense 



FIGURE 2. Current Limit Programming 


For application where the current limit is used, a minimum 
load current of 100 ju,A is established at the output. This 
arises from the fact that the constant current used in setting 
maximum output current is 100 juA, and it comes directly 
from the output of the LH0076. If the total current is less 
than this minimum current, the output will drop. 

As in the remote voltage adjustment application, remote 
current sensing can be applied similarly. Rsense should be 
placed as close to the output of the LH0076 as possible, but 
Rlimit can be a resistor or potentiometer located remotely 
from the device. 


Current Limit Programming 

The maximum current output of the device may be limited 
by adding 2 external resistors as shown in Figure 2. The 
resistor values are calculated using the following equation: 

l0UT(MAX) = [ r R s L ^ T e + 1 ] X 100fiA 

where Rsense = 1 to 10fl 

This programming current limit feature can be extended to 
make the LH0076 a programmable current sink. This can be 
done by leaving pin 10 open and setting Rlimit and r SENSE 
as desired. (See Figure 3). 



TABLE 1. Connection Scheme for Internally Available Output Voltages 


OUTPUT 
VOLTAGE (V) 

PIN 1 

PIN 2 

PIN 7 

PIN 10 

PIN 11 

-3 





GND 

-5 



* 

* 


-6 

* 

Gnd 


* 


-8 



* 


* 

-9 

Gnd 




* 

-12 

Gnd 





-15 


Gnd 




-18 


Gnd 
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National 
Semiconductor 
Corporation 

LM104/LM204/LM304 Negative Regulator 

General Description 

The LM104 series are precision voltage regulators which 
can be programmed by a single external resistor to supply 
any voltage from 40V down to zero while operating from a 
single unregulated supply. They can also provide 0.01 -per- 
cent regulation in circuits using a separate, floating bias 
supply, where the output voltage is limited only by the 
breakdown of external pass transistors. Although designed 
primarily as linear, series regulators, the circuits can be used 
as switching regulators, current regulators or in a number of 
other control applications. Typical performance characteris- 
tics are: 

■ Subsurface zener reference 

■ 1 mV regulation no load to full load 
b 0.01 %/V line regulation 
b 0.2 mV/V ripple rejection 

a 0.3% temperature stability over military temperature 
range 


Schematic Diagram 



The LM104 series is the complement of the LM105 positive 
regulator, intended for systems requiring regulated negative 
voltages which have a common ground with the unregulated 
supply. By themselves, they can deliver output currents to 
25 mA, but external transistors can be added to get any 
desired current. The output voltage is set by external resis- 
tors, and either constant or foldback current limiting is made 
available. 

The LM104 is specified for operation over the -55°C to 
+ 125°C military temperature range. The LM204 is specified 
for operation over the -25°C to +85°C temperature range. 
The LM304 is specified for operation from 0°C to + 70°C. 



1 
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LM 1 04/LM204/LM304 


Absolute Maximum Ratings 

If Military /Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for 
availability and specifications. 

(Note 6) 


Input Voltage 


LM104/LM204 

50V 


LM304 

40V 


Input-Output Voltage Differential 


50V 


40V 


Power Dissipation (Note 1) 
Operating Temperature Range 
LM104 
LM204 
LM304 


500 mW 500 mW 

— 55°C to + 1 25°C 

— 25°C to 4- 85°C 

0°C to +70°C 


Storage Temperature Range 


— 65°C to + 1 50°C 


— 65°C to + 1 50°C 


Lead Temperature (Soldering, 1 0 sec.) 260°C for plastic 


300°C for hermetic 


Electrical Characteristics 


Parameter 

Conditions 

LM104/LM204 

LM304 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 






-50 


-8 

-40 


-8 

V 





-0.015 

-30 


-0.035 

V 

Output-Input Voltage 

Iq = 20 mA 

Kps 


50 

2.0 


40 

V 

Differential (Note 3) 

Iq = 5 mA 


■ 

50 

0.5 


40 

V 

Load Regulation (Note 4) 

O ^ lo ^ 20 mA 

Rsc = 15fi 


1 

5 


1 

5 

mV 

Line Regulation (Note 5) 

Vqut £ -5V 

AV 1N = 0.1 V| N 


0.056 

0.1 


0.056 

0.1 

% 

Ripple Rejection 

Ci 9 = 10 juF, f = 120 Hz 
Vim < -15V 


0.2 

0,.5 


0.2 

0.5 

mV/V 


— 7V^ V| N ^ -15V 


0.5 

1.0 


0.5 

1.0 

mV/V 

Output Voltage Scale Factor 

R 2 -3 = 2.4k 

1.8 

2.0 


CO 

o 

CM 


V/kH 

Temperature Stability 

v 0 ^ -iv 


0.3 

1.0 


0.3 

1-0 

% 

Output Noise Voltage 

10 Hz ^ f ^ 10 kHz 

V 0 ^ — 5V, C-j.g = 0 


0.007 



0.007 


% 


C-|.g = 10 jllF 


15 



15 


ju,V 

Standby Current Drain 

l L = 5 mA, V 0 = 0 


1.7 

2.5 


1.7 

2.5 

mA 


V 0 = -30 V 





3.6 

5.0 

mA 


Vq = -40 V 


3.6 

5.0 




mA 

Long Term Stability 

v 0 <; -iv 


0.01 

1.0 


0.01 

1.0 

% 


Note 1: The maximum junction temperature of the LM104 is 150°C, while that of the LM204 is 125°C and LM304 is 100°C. For operating at elevated temperatures, 
devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. 

Note 2: These specifications apply for junction temperatures between -55°C and 150°C (between -25°C and 100°C for the LM204 and 0°C to +85°C for the 
LM304) and for input and output voltages within the ranges given, unless otherwise specified. The load and line regulation specifications are for constant junction 
temperature. Temperature drift effects must be taken into account separately when the unit is operating under conditions of high dissipation. 

Note 3: When external booster transistors are used, the minimum output-input voltage differential is increased, in the worst case, by approximately IV. 

Note 4: The output currents given, as well as the load regulation, can be increased by the addition of external transistors. The improvement factor will be roughly 
equal to the composite current gain of the added transistors. 

Note 5: With zero output, the dc line regulation is determined from the ripple rejection. Hence, with output voltages between 0V and - 5V, a dc output variation, 
determined from the ripple rejection, must be added to find the worst-case line regulation. 

Note 6: Refer to RETS104X drawing for military specifications for the LM104. 
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LM 1 04/LM204/LM304 


Connection Diagram 


Metal Can Package 

NC 



UNREG 

INPUT 

Note: Pin 5 connected to case. 

Top View 

Order Number LM104H, LM204H or LM304H 
See NS Package H10C 


Typical Applications 

Operating with Separate Bias Supply 



Basic Regulator Circuit 



Trim R1 for exact scale factor. 


High Current Regulator 


Switching Regulator 




tSolid Tantalum 


TL/H/7754-6 


*60 turns #20 on Arnold Engineering A9301 57-2 Molybdenum Permalloy Core. 
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Corporation 


LM105/LM205/LM305/LM305A 


LM376 Voltage Regulators 

General Description 

The LM105 series are positive voltage regulators similar to 
the LM100, except that an extra gain stage has been added 
for improved regulation. A redesign of the biasing circuitry 
removes any minimum load current requirement and at the 
same time reduces standby current drain, permitting higher 
voltage operation. They are direct, plug-in replacements for 
the LM100 in both linear and switching regulator circuits 
with output voltages greater than 4.5V. Important character- 
istics of the circuits are: 

■ Output voltage adjustable from 4.5V to 40V 

■ Output currents in excess of 10A possible by adding 
external transistors 

B Load regulation better than 0.1%, full load with current 
limiting 


■ DC line regulation guaranteed at 0.03%/V 

■ Ripple rejection on 0.01 %V 

■ 45 mA output current without external pass transistor 
(LM305A) 

Like the LM1 00, they also feature fast response to both load 
and line transients, freedom from oscillations with varying 
resistive and reactive loads and the ability to start reliably on 
any load within rating. The circuits are built on a single sili- 
con chip and are supplied in either an 8-lead, TO-5 header 
or a 1 / 4" x 1 /4" metal flat package. 

The LM105 is specified for operation for -55°C ^ Ta ^ 
+ 125°C, the LM205 is specified for -25°C ^ Ty\ ^ +85°C, 
and the LM305/LM305A, LM376 is specified for 0°C ^ Ta 
<; +70°C. 


Schematic and Connection Diagrams 


Pin connections shown are for metal can. 



■ unregulated input Dual-ln-Line Package 

CURRENT 


- BOOSTER OUTPUT 


■ REGULATED OUTPUT 


' COMPENSATION 
SHUTDOWN 


- REFERENCE BYPASS 


BOOSTER 

OUTPUT 


UNREG 

INPUT 


GROUND 



OUTPUT 

7 COMPENSATION 

- 6 FEEDBACK 


REFERENCE 

BYPASS 


TL/H/7755-2 


Top View 

Order Number LM376N 
See NS Package Number N08E 

Metal Can Package 

REGULATED OUTPUT 


COMPENSATION 

SHUTDOWN 



CURRENT 

LIMIT 

BOOSTER 

OUTPUT 


REFERENCE 

BYPASS 


GROUND 

TL/H/7755-1 


Top View 

Order Number LM105H, 
LM205H, LM305H or LM305AH 
See NS Package Number H08C 
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LM105/LM205/LM305/LM305A/LM376 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for availability and specifications. 
(Note 5) 

LM105 LM205 LM305 LM305A 

input Voltage 50V 50V 40V 50V 

Input-Output Differential 40V 40V 40V 40V 

Power Dissipation (Note 1 ) 800 mW 800 mW 800 mW 800 mW 

Operating T emperature Range - 55°C to + 1 25°C - 25°C to + 85°C - 0°C to + 70°C 0°C to + 70°C 

Storage Temperature Range - 65°C to + 1 50°C - 65°C to + 1 50°C - 65°C to + 1 50°C - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10 seconds) 300°C 300°C 300°C 300°C 

Electrical Characteristics (Note 2 ) 


LM376 

40V 

40V 

400 mW 
0°Cto + 70°C 
65°C to + 1 50°C 
260°C 


Min Typ Max 


Input Voltage Range 
Output Voltage Range 

Input-Output Voltage 
Differential 


Load Regulation 
(Note 3) 


R sc = 10n, T a = 25°C 

r sc = ion, t a = t A (max) 
Rsc = ion, t a = t A (min) 

Rsc = On, Ty\ = 25°C 
Rsc = OH, T A = 70°C 
Rsc = on, t a = o°c 


0 ^ Iq ^ 12 mA 


Line Regulation T A = 25°C 

0 e C T A <: -f 70°C 

V|N ~ VOUT £ 5V, T a = 25°C 

V|N ~ VqUT ^ 5 V» T A = 25°C 

Temperature Stability T A(M | N ) ^ T A ^ T A(MAX ) 


0.025 0.06 

0.015 0.03 
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Electrical Characteristics (Note 2) (continued) 


Parameter 

Conditions 

LM105 

LM205 

LM305 

LM305A 

LM376 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Feedback Sense Voltage 


1.63 

1.7 

1.81 

1.63 

1.7 

1.81 

1.63 

1.7 

1.81 

1.55 

1.7 

1.85 

1.60 

1.72 

1.80 

V 

Output Noise Voltage 

10 Hz 10 kHz 

















Cref = 0 


0.005 



0.005 



0.005 



0.005 





% 

Gref = 0.1 /x F 


0.002 



0.002 



0.002 



0.002 





% 

Standby Current Drain 

V| N = 30V, T a = 25°C 















2.5 

mA 

V| N = 40V 








0.8 

2.0 







mA 

V| N = 50V 


0.8 

2.0 


0.8 

2.0 





0.8 

2.0 




mA 

Current Limit 

Sense Voltage 

T a = 25°C, R S c = 10a, 
V 0 UT = 0V, (Note 4) 

225 

300 

375 

225 

300 

375 

225 

300 

375 

225 

300 

375 


300 


mV 

Long Term Stability 



0.1 



0.1 



0.1 



0.1 





% 

Ripple Rejection 

0JA 

Cref = 10 jllF, f = 120 Hz 
Epoxy Dual-ln-Line Package 


0.003 



0.003 



0.003 



0.003 



140 


%/V 

°c/w 

0JA 

TO-5 Board Mount 
in Still Air 


230 



230 



230 



230 





°c/w 

0JA 

TO-5 Board Mount in 

400 LF/Min Air Flow 


92 



92 



92 



92 





°c/w 

0JC 

TO-5 


25 



25 



25 



25 





°c/w 


Note 1:The maximum junction temperature of the LM105 and LM305A is 150°C, the LM205 and LM376 is 100°C, and the LM305 is 85°C. For operation at elevated temperatures, devices in theTO-5 package must be derated based 
on a thermal resistance of 231°C/W junction to ambient, or 25°C/W junction to case. For the epoxy dual-in-line package, derating is based on a thermal resistance of 138°C/W junction to ambient. Peak dissipations to 1W are 
allowable providing the dissipation rating is not exceeded with the power average over a five second interval for the LM105 and LM205, and averaged over a two second interval for the LM305. 

Note 2: Unless otherwise specified, these specifications apply for temperatures within the operating temperature range, for input and output voltages within the range given, and for a divider impedance seen by the feedback terminal 
of 2 kft. Load and line regulation specifications are for a constant junction temperature. Temperature drift effects must be taken into account separately when the unit is operating under conditions of high dissipation. 

Note 3: The output currents given, as well as the load regulation, can be increased by the addition of external transistors. The improvement factor will be roughly equal to the composite current gain of the added transistors. 
Note 4: With no external pass transistor. 

Note 5: Refer to RETS105X Drawing for military specifications for the LM105. 
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Typical Performance Characteristics lmio 5 /lm 205 /lm 3 os/lm 3 osa 
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Typical Performance Characteristics lm 376 


Load Regulation 
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LM105/LM205/LM305/LM305A/LM376 


Typical Applications 

10A Regulator with Foldback Current Limiting 



1.0 A Regulator with Protective Diodes 


D2t 

UTR3305 



Linear Regulator with Foldback Current Limiting 



Current Regulator 



TL/H/7755-9 
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Typical Applications (Continued) 


Shunt Regulator 


Dt 

IN3821 



TL/H/7755-10 


Switching Regulator 

R4 


Basic Positive Regulator with Current Limiting 




1.0A Regulator with Protective Diodes 


02 t 

UTR3305 


TL/H/7755-12 



R4 



TL/H/7755-14 
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LM109/LM309 



National 

Semiconductor 

Corporation 


LM109/LM309 5- Volt Regulator 


General Description 

The LM109 series are complete 5V regulators fabricated on 
a single silicon chip. They are designed for local regulation 
on digital logic cards, eliminating the distribution problems 
association with single-point regulation. The devices are 
available in two standard transistor packages. In the solid- 
kovar TO-5 header, it can deliver output currents in excess 
of 200 mA, if adequate heat sinking is provided. With the 
TO-3 power package, the available output current is greater 
than 1 A. 

The regulators are essentially blowout proof. Current limiting 
is included to limit the peak output current to a safe value. In 
addition, thermal shutdown is provided to keep the 1C from 
overheating. If internal dissipation becomes too great, the 
regulator will shut down to prevent excessive heating. 
Considerable effort was expended to make these devices 
easy to use and to minimize the number of external compo- 
nents. It is not necessary to bypass the output, although this 
does improve transient response somewhat. Input bypass- 
ing is needed, however, if the regulator is located very 


far from the filter capacitor of the power supply. Stability is 
also achieved by methods that provide very good rejection 
of load or line transients as are usually seen with TTL logic. 
Although designed primarily as a fixed-voltage regulator, the 
output of the LM1 09 series can be set to voltages above 5V, 
as shown. It is also possible to use the circuits as the con- 
trol element in precision regulators, taking advantage of the 
good current-handling capability and the thermal overload 
protection. 

Features 

■ Specified to be compatible, worst case, with TTL and 
DTL 

■ Output current in excess of 1A 

■ Internal thermal overload protection 

■ No external components required 


Schematic Diagram 



TL/H/7138-1 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 3) 

Input Voltage 35V 

Power Dissipation Internally Limited 


Operating Junction Temperature Range 
LM109 — 55°C to + 1 50°C 

LM309 0°C to + 1 25°C 

Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 300°C 


Electrical Characteristics (Note d 


Parameter 

Conditions 

LM109 

LM309 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Output Voltage 

Tj = 25°C 

4.7 

5.05 

5.3 

4.8 

5.05 

5.2 

V 

Line Regulation 

Tj = 25°C 

7.10V ^ V| N <; 25V 


4.0 

50 


4.0 

50 

mV 

Load Regulation 

Tj = 25°C 








TO-5 Package 

5 mA ^ Iout ^ 0.5A 


15 

50 


15 

50 

mV 

TO-3 Package 

5 mA ^ Iout ^ 1 .5A 


15 

100 


15 

100 

mV 

Output Voltage 

7.40V ^ V| N <: 25V, 

5 mA ^ Iqut ^ Imax. 

P < Pmax 

4.6 


5.4 

4.75 


5.25 

V 

Quiescent Current 

7.40V ^ V| N ^ 25V 


5.2 

10 


5.2 

10 

mA 

Quiescent Current Change 

7.40V ^ V| N <£ 25V 



0.5 



0.5 

mA 


5 mA ^ Iqut ^ Imax 



0.8 



0.8 

mA 

Output Noise Voltage 

T a = 25°C 

10 Hz ^ f ^ 100 kHz 


40 



40 


JLiV 

Long Term Stability 



10 



20 


mV 

Ripple Rejection 

Tj = 25°C 

50 



50 



dB 

Thermal Resistance, 

(Note 2) 








Junction to Case 









TO-5 Package 



15 



15 


°C/W 

TO-3 Package 



2.5 



2.5 


°C/W 


Note 1: Unless otherwise specified, these specifications apply -55°C ^ Tj ^ +150°C for the LM109 and 0°C ^ Tj ^ + 125°C for the LM309; V|n = 10V; and 
Iout = 0.1 A for the TO-39 package or Iout = 0.5A for the TO-3 package. For the TO-39 package, Imax = 0.2A and Pmax = 2.0W. For the TO-3 package, Imax 
= I.OAand P MA X = 20W. 


Note 2: Without a heat sink, the thermal resistance of the TO-39 package is about 1 50°C/W, while that of the TO-3 package is approximately 35°C/W. With a heat 
sink, the effective thermal resistance can only approach the values specified, depending on the efficiency of the sink. 

Note 3: Refer to RETS109H drawing for LM109H or RETS109K drawing for LM109K military specifications. 


Connection Diagrams 

Metal Can Packages 



Order Number LM109H or LM309H 
See NS Package Number H03A 



GNO 

(CASE) 


TL/H/7138-3 

Order Number LM109K STEEL or LM309K STEEL 
See NS Package Number K02A 

Order Number LM309K (ALUMINUM) 

See NS Package Number KC02A 
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LM109/LM309 


Application Hints 

a. Bypass the input of the LM109 to ground with ^ 0.2 juF 
ceramic or solid tantalum capacitor if main filter capacitor 
is more than 4 inches away. 

b. Use steel package instead of aluminum if more than 
5,000 thermal cycles are expected. (AT ^ 50°C) 

c. Avoid insertion of regulator into “live” socket if input 
voltage is greater than 10V. The output will rise to within 
2V of the unregulated input if the ground pin does not 
make contact, possibly damaging the load. The LM109 
may also be damaged if a large output capacitor is 
charged up, then discharged through the internal clamp 
zener when the ground pin makes contact. 

d. The output clamp zener is designed to absorb tran- 
sients only. It will not clamp the output effectively if a 
failure occurs in the internal power transistor structure. 
Zener dynamic impedance is ~ 4ft. Continuous RMS 
current into the zener should not exceed 0.5A. 

e. Paralleling of LM109s for higher output current is not 
recommended. Current sharing will be almost nonexis- 
tent, leading to a current limit mode operation for devices 
with the highest initial output voltage. The current limit 
devices may also heat up to the thermal shutdown point 
(~ 175°C). Long term reliability cannot be guaranteed 
under these conditions. 

Crowbar Overvoltage Protection 

Input Crowbar 



f. Preventing latchoff for loads connected to negative 
voltage: 

If the output of the LM109 is pulled negative by a high cur- 
rent supply so that the output pin is more than 0.5V negative 
with respect to the ground pin, the LM109 can latch off. This 
can be prevented by clamping the ground pin to the output 
pin with a germanium or Schottky diode as shown. A silicon 
diode (1N4001) at the output is also needed to keep the 
positive output from being pulled too far negative. The 10ft 
resistor will raise + Vqut by ~ 0.05V. 



Output Crowbar 



*Zener is internal to LM109. 

**Q1 must be able to withstand 7A continuous current if fusing is not used at regulator input. LM1 09 bond wires will fuse at currents above 7A. 
tQ2 is selected for surge capability. Consideration must be given to filter capacitor size, transformer impedance, and fuse blowing time, 
t T T rip point is » 7.5V. 
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Note 1: Current limiting foldback characteristics 
are determined by input output differen- 
tial, not by output voltage. 






QUIESCENT CURRENT (mA) 
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TOTAL NOISE < tf V RMS) 




Typical Applications 


Fixed 5V Regulator 



* Required if regulator is located more than 4" from power supply filter ca- 
pacitor. 

TAIthough no output capacitor is needed for stability, it does improve tran- 
sient response. 

C2 should be used whenever long wires are used to connect to the load, or 
when transient response is critical. 

Note: Pin 3 electrically connected to case. 


Adjustable Output Regulator 



High Stability Regulator* 

ci + 

2.2 mF 



$ Solid tantalum. 


Current Regulator 


INPUT # J LM109 1 

ci-L 3 > R1 * 

0 22 *iF— j“- ^ 


•Determines output current. If wirewound resistor is used, bypass with 0.1 juF. 


TL/H/7138-6 
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LM117/LM317 



National 

Semiconductor 

Corporation 


LM117/LM317 3-Terminal Adjustable Regulator 


General Description 

The LM117/LM317 are adjustable 3-terminal positive volt- 
age regulators capable of supplying in excess of 1 .5A over a 
1 .2 V to 37V output range. They are exceptionally easy to 
use and require only two external resistors to set the output 
voltage. Further, both line and load regulation are better 
than standard fixed regulators. Also, the LM1 17 is packaged 
in standard transistor packages which are easily mounted 
and handled. 

In addition to higher performance than fixed regulators, the 
LM1 17 series offers full overload protection available only in 
IC’s. Included on the chip are current limit, thermal overload 
protection and safe area protection. All overload protection 
circuitry remains fully functional even if the adjustment ter- 
minal is disconnected. 

Normally, no capacitors are needed unless the device is 
situated more than 6 inches from the input filter capacitors 
in which case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. The 
adjustment terminal can be bypassed to achieve very high 
ripple rejections ratios which are difficult to achieve with 
standard 3-terminal regulators. 

Besides replacing fixed regulators, the LM1 17 is useful in a 
wide variety of other applications. Since the regulator is 
“floating” and sees only the input-to-output differential volt- 
age, supplies of several hundred volts can be regulated as 
long as the maximum input to output differential is not ex- 
ceeded, i.e., avoid short-circuiting the output. 

Also, it makes an especially simple adjustable switching reg- 
ulator, a programmable output regulator, or by connecting a 
fixed resistor between the adjustment pin and output, the 
LM117 can be used as a precision current regulator. Sup- 
plies with electronic shutdown can be achieved by clamping 
the adjustment terminal to ground which programs the out- 
put to 1 .2 V where most loads draw little current. 


The LM117K and LM317K are packaged in standard TO-3 
transistor packages while the LM117H and LM317H are 
packaged in a solid Kovar base TO-39 transistor package. 
The LM117 is rated for operation from -55°C to +150°C, 
and the LM317 from 0°C to +125°C. The LM317T and 
LM31 7MP, rated for operation over a 0°C to + 125°C range, 
are available in a TO-220 plastic package and a TO-202 
package, respectively. 

For applications requiring greater output current in excess 
of 3A and 5A, see LM150 series and LM138 series data 
sheets, respectively. For the negative complement, see 
LM137 series data sheet. 


LM1 17 Series Packages and Power Capability 


Device 

Package 

Rated 

Power 

Dissipation 

Design 

Load 

Current 

LM117 

TO-3 

20W 

1.5A 

LM317 

TO-39 

2W 

0.5A 

LM317T 

TO-220 

15W 

1.5A 

LM317M 

TO-202 

7.5W 

0.5A 


Features 

■ Adjustable output down to 1 .2V 

■ Guaranteed 1 .5A output current 

■ Line regulation typically 0.01 %/V 

■ Load regulation typically 0.1% 

■ Current limit constant with temperature 

■ 1 00% electrical burn-in 

■ Eliminates the need to stock many voltages 

■ Standard 3-lead transistor package 

■ 80 dB ripple rejection 

■ Output is short-circuit protected 


Typical Applications 

1.2V-25V Adjustable Regulator 


LM117 



Full output current not available at high input-output voltages 
‘Needed if device is more than 6 inches from filter capacitors. 
tOptional — improves transient response. Output capacitors in the range of 
1 jaF to 1000 jaF of aluminum or tantalum electrolytic are commonly used 
to provide improved output impedance and rejection of transients. 

ttVouT = 1.25V (l + S|) + IaDJ(R 2 ) 


Digitally Selected Outputs 

LM117 



‘Sets maximum Vout 


TL/H/9063-2 
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Absolute Maximum Ratings 








If Military/ Aerospace specified devices are required, Storage Temperature 



— 65°C to + 150°C 

contact the National Semiconductor Sales Office/ Lead Temoerature (Solderinol 





Distributors for availability and specifications. Metal Package 



300°C, 10 seconds 

(Note 3) 

Plastic Package 




260°C, 4 seconds 

Power Dissipation 

Internally limited E sd rating 






2k Volts 

Input — Output Voltage Differential 

+ 40V, -0.3V 








Operating Junction Temperature Range Preconditioning 






LM117 

— 55°C to + 1 50°C Burn-In in Thermal Limit 



100% All Devices 

LM317 

0°C to +125°C 








Electrical Characteristics (Notei) 











LM117 


LM317 



Parameter 

Conditions 






Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Line Regulation 

Tj = 25°C, 3V <; (V| N - Vqut) ^ 40V 
(Note 2), l|_ = 10 mA 


0.01 

0.02 


0.01 

0.04 

%/V 

Load Regulation 

Tj = 25°C, 10 mA £ l 0 UT ^ >MAX 


0.1 

0.3 


0.1 

0.5 

% 

Thermal Regulation 

Tj = 25°C, 20 ms Pulse 


0.03 

0.07 


0.04 

0.07 

%/w 

Adjustment Pin Current 



50 

100 


50 

100 

juA 

Adjustment Pin Current Change 

10 mA ^ II ^ Imax 

3V ^ (V, N - V 0 ut) £ 40V 


0.2 

5 


0.2 

5 

juA 

Reference Voltage 

3V <; (V| N - Vout) ^ 40V, (Note 3) 

10 mA ^ Iout ^ Imax. p ^ Pmax 

1.20 

1.25 

1.30 

1.20 

1.25 

1.30 

V 

Line Regulation 

3V ^ (V| N - V 0 ut) ^ 40V, (Note 2) 


0.02 

0.05 


0.02 

0.07 

%/V 

Load Regulation 

10 mA <; Iqut ^ Imax (Note 2) l|_= 10 mA 


0.3 

1 


0.3 

1.5 

% 

Temperature Stability 

TmIN ^ Tj ^ T max 


1 



1 



Minimum Load Current 

(Vin - Vout) = 40V 


3.5 

5 



10 


Current Limit 

(V| N - Vout) * 15V 









K and T Package 

1.5 

2.2 

3.4 

1.5 

2.2 

3.4 

A 


H and P Package 

0.5 

0.8 

1.8 

0.5 


1.8 

A 


(Vin- Vout) = 40V, Tj= + 25°C 









K and T Package 

0.30 

0.4 


0.15 

0.4 


A 


H and P Package 

0.15 

0.07 


0.075 

0.07 


A 

RMS Output Noise, % of Vqut 

Tj = 25°C, 10Hz ^f ^ 10kHz 







WlM 

Ripple Rejection Ratio 

Vqut = 10V, f = 120 Hz 


65 



65 


■a 


Cadj = 10 

66 

80 


66 

80 



Long-Term Stability 

Tj = 125°C 



1 



1 

■ 

Thermal Resistance, Junction to Case 



12 

15 


12 

15 

3 


K Package 


2.3 

3 


2.3 

3 



T Package 





4 


Sfflj 


P Package 





7 


HIM 

Thermal Resistance, 

H Package 


140 



140 


°c/w 

Junction to Ambient 

K Package 


35 



35 


°c/w 

(No heat sink) 

T Package 





50 


°c/w 


P Package 





80 


°c/w 

Note 1: Unless otherwise specified, these specifications apply: -55°C £ Tj £ + 150°Cfor the LM117, and 0°C ^ Tj £ +125°Cforthe LM317; Vin - 

- V OUT 

= 5V; 

and Iout = 0.1 A for the TO-39 and TO-202 packages and Iout - 0.5A for the TO-3 and TO-220 packages. Although power dissipation is internally limited, these 
specifications are applicable for power dissipations of 2W for the TO-39 and TO-202, and 20W for the TO-3 and TO-220. Imax is 1.5A for the TO-3 and TO-220 

packages and 0.5A for the TO-39 and TO-202 packages. 








Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are 

covered under the specification for thermal regulation. 








Note 3: Refer to RETS117H drawing for LM117H or RETS117K drawing for LM117K military specifications. 








1-51 


LM117/LM317 





r*. 

T“ 

co 


Typical Performance Characteristics <k and t Packages) 

Output Capacitor = 0 unless otherwise noted 


Load Regulation 



-75 -50 -25 0 25 50 75 100 125 150 


TEMPERATURE <°C) 


Current Limit 



0 10 20 30 40 


INPUT-OUTPUT DIFFERENTIAL (V) 


Adjustment Current 



-75 -50 -25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 


Dropout Voltage 



TEMPERATURE (°C) 


Temperature Stability 



-75 -50 -25 0 25 50 75 100 125 150 
TEMPERATURE <°C) 


Minimum Operating Current 



0 10 20 30 40 

INPUT-OUTPUT DIFFERENTIAL (V) 


Ripple Rejection 



0 5 10 15 20 25 30 35 


OUTPUT VOLTAGE (V> 


Ripple Rejection 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Ripple Rejection 



0.01 0.1 1 10 


OUTPUT CURRENT (A) 



Line Transient Response 

10 

SI « 

>| o 
*- < 

g5 -0-5 

a ea 

o -1.0 

-1.5 

UJ > 1.0 

C3 

S z 0.5 
o < 

> o 


n 


1 

rrrn 


n 

■ 

"0 

= 1 ^: c aoj 

LAI 

- 1U 

jr 



L = 0; 

DJ = 

Lv 



r i 

.V OU T = 10\ 
l|_ = 50 mA 




Ti 






r i 



T i 

= 25 
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Application Hints 

In operation, the LM117 develops a nominal 1.25V refer- 
ence voltage, Vref. between the output and adjustment ter- 
minal. The reference voltage is impressed across program 
resistor R1 and, since the voltage is constant, a constant 
current li then flows through the output set resistor R2, giv- 
ing an output voltage of 

VoilT = Vref (l + + <ADjR2 


LM117 



Since the 1 00 juA current from the adjustment terminal rep- 
resents an error term, the LM1 17 was designed to minimize 
Iadj and make it very constant with line and load changes. 
To do this, all quiescent operating current is returned to the 
output establishing a minimum load current requirement. If 
there is insufficient load on the output, the output will rise. 

External Capacitors 

An input bypass capacitor is recommended. A 0.1 fiF disc 
or 1 juF solid tantalum on the input is suitable input bypass- 
ing for almost all applications. The device is more sensitive 
to the absence of input bypassing when adjustment or out- 
put capacitors are used but the above values will eliminate 
the possibility of problems. 

The adjustment terminal can be bypassed to ground on the 
LM117 to improve ripple rejection. This bypass capacitor 
prevents ripple from being amplified as the output voltage is 
increased. With a 10 jaF bypass capacitor 80 dB ripple re- 
jection is obtainable at any output level. Increases over 
10 jaF do not appreciably improve the ripple rejection at 
frequencies above 120 Hz. If the bypass capacitor is used, it 
is sometimes necessary to include protection diodes to pre- 
vent the capacitor from discharging through internal low cur- 
rent paths and damaging the device. 

In general, the best type of capacitors to use is solid tanta- 
lum. Solid tantalum capacitors have low impedance even at 
high frequencies. Depending upon capacitor construction, it 
takes about 25 julF in aluminum electrolytic to equal 1 /laF 
solid tantalum at high frequencies. Ceramic capacitors are 
also good at high frequencies; but some types have a large 
decrease in capacitance at frequencies around 0.5 MHz. 
For this reason, 0.01 jaF disc may seem to work better than 
a 0.1 juF disc as a bypass. 

Although the LM1 17 is stable with no output capacitors, like 
any feedback circuit, certain values of external capacitance 
can cause excessive ringing. This occurs with values be- 


tween 500 pF and 5000 pF. A 1 juF solid tantalum (or 25 jaF 
aluminum electrolytic) on the output swamps this effect and 
insures stability. Any increase of the load capacitance larger 
than 10 /xF will merely improve the loop stability and output 
impedance. 

Load Regulation 

The LM1 17 is capable of providing extremely good load reg- 
ulation but a few precautions are needed to obtain maxi- 
mum performance. The current set resistor connected be- 
tween the adjustment terminal and the output terminal (usu- 
ally 240ft) should be tied directly to the output (case) of the 
regulator rather than near the load. This eliminates line 
drops from appearing effectively in series with the reference 
and degrading regulation. For example, a 15V regulator with 
0.05ft resistance between the regulator and load will have a 
load regulation due to line resistance of 0.05ft x l L . If the 
set resistor is connected near the load the effective line 
resistance will be 0.05ft (1 + R2/R1) or in this case, 11.5 
times worse. 

Figure 2 shows the effect of resistance between the regula- 
tor and 240ft set resistor. 


LM117 



FIGURE 2. Regulator with Line Resistance 
in Output Lead 

With the TO-3 package, it is easy to minimize the resistance 
from the case to the set resistor, by using two separate 
leads to the case. However, with the TO-5 package, care 
should be taken to minimize the wire length of the output 
lead. The ground of R2 can be returned near the ground of 
the load to provide remote ground sensing and improve 
load regulation. 

Protection Diodes 

When external capacitors are used with any 1C regulator it is 
sometimes necessary to add protection diodes to prevent 
the capacitors from discharging through low current points 
into the regulator. Most 10 ju.F capacitors have low enough 
internal series resistance to deliver 20A spikes when short- 
ed. Although the surge is short, there is enough energy to 
damage parts of the 1C. 

When an output capacitor is connected to a regulator and 
the input is shorted, the output capacitor will discharge into 
the output of the regulator. The discharge current depends 
on the value of the capacitor, the output voltage of the regu- 
lator, and the rate of decrease of Vin- In the LM117, this 
discharge path is through a large junction that is able to 
sustain 1 5A surge with no problem. This is not true of other 
types of positive regulators. For output capacitors of 25 jaF 
or less, there is no need to use diodes. 
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LM117/LM317 


Application Hints (Continued) 

The bypass capacitor on the adjustment terminal can dis- 
charge through a low current junction. Discharge occurs 
when either the input or output is shorted. Internal to the 
LM117 is a 50H resistor which limits the peak discharge 


current. No protection is needed for output voltages of 25 V 
or less and 10 jxF capacitance. Figure 3 shows an LM117 
with protection diodes included for use with outputs greater 
than 25 V and high values of output capacitance. 



V OUT 


= 1.25V + IadjR2 


D1 protects against Cl 
D2 protects against C2 


TL/H/9063-7 


Schematic Diagram 
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Typical Applications (Continued) 

5V Logic Regulator with Electronic Shutdown* 

LM117 


Slow Turn-On 15V Regulator 

LM117 



*Min. output ~ 1.2V 


TL/H/9063-3 



Adjustable Regulator with Improved 
Ripple Rejection 

LM117 


High Stability 10V Regulator 

LM117 



* Discharges Cl if output is shorted to ground 


TL/H/9063-10 



High Current Adjustable Regulator 

3-LM195'S IN PARALLEL 


V|N 



t Solid tantalum 

‘Minimum load current = 30 mA 
^Optional— improves ripple rejection 


TL/H/9063-12 
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Typical Applications (Continued) 


0 to 30V Regulator 

LM117 



-10 V 


TL/H/9063-13 


Power Follower 


10V-40V 



TL/H/9063-14 


5A Constant Voltage/Constant Current Regulator 

MJ4502 



tSolid tantalum 

’Lights in constant current mode 


TL/H/9063-15 




Typical Applications (Continued) 


1A Current Regulator 

LM117 



1.2V-20V Regulator with 
Minimum Program Current 


LM117 



High Gain Amplifier 


v + 



Low Cost 3A Switching Regulator 

Q1 



*Core— Arnold A-254168-2 60 turns 


1.8V TO 32 V 


C4 

100^F f 


TL/H/9063-19 


4A Switching Regulator with Overload Protection 


3-LM195 IN PARALLEL 



Precision Current Limiter 



*o.8n < ri < i 2 on 

TL/H/9063-21 


D 
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Typical Applications (Continued) 


Tracking Preregulator 


R2 

720 



TL/H/9063-22 


Current Limited Voltage Regulator 



(Compared to LM117H’s 1 Amp Current Limit 
- (At 50 mA output only 3 / 4 volt of drop occurs in R 3 and R 4 


TL/H/9063-23 


Adjusting Multiple On-Card Regulators with Single Control* 


LM117 



V IN 


V IN v 0UT 
ADJ 

1 


Vout* 



TL/H/9063-24 


1-58 




Typical Applications (Continued) 

AC Voltage Regulator 

LM317 



TL/H/9063-25 


12V Battery Charger 



Use of Rs allows low charging rates with fully charged battery. 


50 mA Constant Current Battery Charger 

LM317H 

r 

V| N 


24 


VOUT 

AOJ 

ri 


1 1 

— r 


TL/H/9063-27 


Adjustable 4A Regulator 



*Sets peak current (0.6A for 1 ft) 

**The 1000 juF is recommended to filter out input 
transients 


Current Limited 6V Charger 

LM317 



TL/H/9063-29 
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LM117/LWI317 


Connection Diagrams (See Physical Dimension section for further information) 


(TO-3 Steel) 
Metal Can Package 



Order Number LM117K STEEL, LM317K STEEL 
See NS Package Number K02A 


(TO-39) 

Metal Can Package 



CASE IS OUTPUT 

Bottom View 


TL/H/9063-31 


Order Number LM117H, LM317H 
See NS Package Number H03A 


(TO-220) 
Plastic Package 



Front View 

Order Number LM317T 
See NS Package Number T03B 


(TO-202) 
Plastic Package 



Front View 

Order Number LM317MP 
See NS Package Number P03A 
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National 

Semiconductor 

Corporation 


LM117HV/LM317HV 3-Terminal Adjustable Regulator 


General Description 

The LM117HV/LM317HV are adjustable 3-terminal positive 
voltage regulators capable of supplying in excess of 1.5A 
over a 1.2V to 57V output range. They are exceptionally 
easy to use and require only two external resistors to set the 
output voltage. Further, both line and load regulation are 
better than standard fixed regulators. Also, the LM1 17HV is 
packaged in standard transistor packages which are easily 
mounted and handled. 

In addition to higher performance than fixed regulators, the 
LM117HV series offers full overload protection available 
only in IC’s. Included on the chip are current limit, thermal 
overload protection and safe area protection. All overload 
protection circuitry remains fully functional even if the ad- 
justment terminal is disconnected. 

Normally, no capacitors are needed unless the device is 
situated more than 6 inches from the input filter capacitors 
in which case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. The 
adjustment terminal can be bypassed to achieve very high 
ripple rejections ratios which are difficult to achieve with 
standard 3-terminal regulators. 

Besides replacing fixed regulators, the LM1 17HV is useful in 
a wide variety of other applications. Since the regulator is 
“floating” and sees only the input-to-output differential volt- 
age, supplies of several hundred volts can be regulated as 
long as the maximum input to output differential is not ex- 
ceeded, i.e. do not short the output to ground. 


Also, it makes an especially simple adjustable switching reg- 
ulator, a programmable output regulator, or by connecting a 
fixed resistor between the adjustment and output, the 
LM117HV can be used as a precision current regulator. 
Supplies with electronic shutdown can be achieved by 
clamping the adjustment terminal to ground which programs 
the output to 1 .2V where most loads draw little current. 

The LM117HVK STEEL, and LM317HVK STEEL are pack- 
aged in standard TO-3 transistor packages while the 
LM117HVH, and LM317HVH are packaged in a solid Kovar 
base TO-39 transistor package. The LM117HV is rated for 
operation from -55°C to +150°C, and the LM317HV from 
0°C to + 1 25°C. 

Features 

■ Adjustable output down to 1 .2 V 

■ Guaranteed 1.5A output current 

■ Line regulation typically 0.01 %/V 

■ Load regulation typically 0.1% 

D Current limit constant with temperature 

■ 100% electrical burn-in 

d Eliminates the need to stock many voltages 

■ Standard 3-lead transistor package 
n 80 dB ripple rejection 

■ Output is short-circuit protected 


Typical Applications 

1.2V-45V Adjustable Regulator 


LM117HV 



Full output current not available 

at high input-output voltages 

tOptional — improves transient response. Output 

capacitors in the range of 1 y,F to 1000 /n.F of 

aluminum or tantalum electrolytic are commonly 

used to provide improved output impedance and 

rejection of transients. 

*Needed if device is more than 6 inches from 
filter capacitors. 

ttV 0UT = 1.25V (l + ^) +IadjR 2 


Digitally Selected Outputs 


LM117HV 



5V Logic Regulator with 
Electronic Shutdown* 


LM117HV 
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LM117HV/LM317HV 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Storage Temperature 

contact the National Semiconductor Sales Office/ Lead Temperature (Soldering, 10 sec.) 

Distributors for availability and specifications. Preconditioning Burn-In in 

(Note 3) Thermal Limit 

Power Dissipation Internally limited ESD rating to be determined. 

Input— Output Voltage Differential + 60V, - 0.3V 

Operating Junction Temperature Range 

LM117HV — 55°C to +150°C 

LM317HV 0°C to + 1 25°C 

Electrical Characteristics (Notei) 

— 65°C to 

100% All 

+ 1 50°C 

300°C 

Devices 

Parameter 

Conditions 

LM117HV 

LM317HV 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Line Regulation 

Tj = 25°C, 3V £ V| N - Vqut ^ 60V 


0.01 

0.02 


0.01 

0 04 

%/V 


(Note 2) l|_ = 10 mA 








Load Regulation 

Tj = 25°C, 10 mA ^ Iqut ^ >MAX 


0.1 

0.3 


0.1 

0.5 

% 

Thermal Regulation 

Tj = 25°C, 20 ms Pulse 


0.03 

0.07 


0.04 

0.07 

%/W 

Adjustment Pin Current 



50 

100 


50 

100 

juA 

Adjustment Pin Current Change 

10 mA ^ II £ Imax 


0.2 

5 


0.2 

5 

fiA 


3.0 v <; (V| N - Vout) ^ eov 







Reference Voltage 

3.0 V ^ (V| N - Vqut) £ 60V, (Note 3) 

1.20 

1.25 

1.30 

1.20 

1.25 

1.30 

V 


10 mA ^ Iqut ^ Imax. p ^ p max 








Line Regulation 

3.0V ^ (V| N - Vqut) ^ 60V, l L = 10 mA, (Note 2) 


0.02 

0.05 


0.02 

0.07 

%/V 

Load Regulation 

10 mA ^ Iout ^ Imax (Note 2) 


0.3 

1 


0.3 

1.5 

% 

Temperature Stability 

Tmin ^ Tj ^ Tmax 


1 



1 


% 

Minimum Load Current 

(Vin - Vout) = 60V 


3.5 

7 


3.5 

12 

mA 

Current Limit 

(Vin - Vout) £ 15V 









K Package 

1.5 

2.2 

3.5 

1.5 

2.2 

3.7 

A 


H Package 

0.5 

0.8 

1.8 

0.5 

0.8 

1.9 

A 


(Vin - Vout) ^ 60V 









K Package 


0.1 



0.1 


A 


H Package 


0.03 



0.03 


A 

RMS Output Noise, % of Vqut 

Tj = 25°C, lOHz^f ^ 10 kHz 


0.003 



0.003 


% 

Ripple Rejection Ratio 

V 0 UT= 10V, f = 120 Hz 


65 



65 


dB 


Cadj = 10 

66 

80 


66 

80 


dB 

Long-Term Stability 

Tj = 125°C 


0.3 

1 


0.3 

1 

% 

Thermal Resistance, Junction to Case 

H Package 


12 

15 


12 

15 

°C/W 


K Package 


2.3 

3 


2.3 

3 

°c/w 

Thermal Resistance, Junction to Ambient 

H Package 


140 



140 


°c/w 

(no heat sink) 

K Package 


35 



35 


°c/w 

Note 1: Unless otherwise specified, these specifications apply: -55°C £ Tj ^ +150°Cforthe LM117HV, and 0°C £ Tj £ + 125°CfortheLM317HV; Vin - Vout 

= 5V and Iqlit = 0.1 A for the TO-39 package and Iqut — 0.5A for the TO-3 package. Although power dissipation is internally limited, these specifications are 

applicable for power dissipations of 2W for the TO-39 and 20W for the TO-3. Imax is 1.5A for the TO-3 and 0.5A for the TO-39 package. 




: Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. Pulse 

testing with low duty cycle is used. 









Note 3: Refer to RETS1 17HVH for LM117HVH or RETS117HVK for LM117HVK military specificatioins. 
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Typical Performance Characteristics (K Package) 

Load Regulation Current Limit 






' 
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V 
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Adjustment Current 



INPUT/OUTPUT DIFFERENTIAL (V) 
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Temperature Stability 


Minimum Operating Current 
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1 
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I II II 

75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE ( C) 



-75 -50 -25 0 25 50 75 100 125 150 
TEMPERATURE ( C) 


~ 








T i 

J 







2 


r i- 1 



















10 20 30 40 

INPUT-OUTPUT DIFFERENTIAL (V) 


Ripple Rejection 




1 

C ADJ = 1 

OpF 



N 


^ADT 










V| 

'L 

N-V 0U t = 5V 
= 500 mA 



: 



f = 

T i 

120 Hz 

= 25 C 

1 





0 5 10 15 20 25 30 35 

OUTPUT VOLTAGE (V) 


Ripple Rejection 


j | l L = 500 mA 
C AO j = 10^ F v IN = 15V | 

V OUT =10V 


10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Ripple Rejection 


/'I 


III 


']CaD. 

= 10^F 


M 



-I 



.1 


OUTPUT CURRENT (A) 
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Application Hints 

In operation, the LM117HV develops a nominal 1.25V refer- 
ence voltage, Vref. between the output and adjustment ter- 
minal. The reference voltage is impressed across program 
resistor R1 and, since the voltage is constant, a constant 
current li then flows through the output set resistor R2, giv- 
ing an output voltage of 

Vqut = Vr E f (i + + 'adjR2 


LM117HV 



FIGURE 1 


Since the 100 jaA current from the adjustment terminal rep- 
resents an error term, the LM117HV was designed to mini- 
mize Iadj and make it very constant with line and load 
changes. To do this, all quiescent operating current is re- 
turned to the output establishing a minimum load current 
requirement. If there is insufficient load on the output, the 
output will rise. 

External Capacitors 

An input bypass capacitor is recommended. A 0.1 julF disc 
or 1 jaF solid tantalum on the input is suitable input bypass- 
ing for almost all applications. The device is more sensitive 
to the absence of input bypassing when adjustment or out- 
put capacitors are used but the above values will eliminate 
the possiblity of problems. 

The adjustment terminal can be bypassed to ground on the 
LM1 17HV to improve ripple rejection. This bypass capacitor 
prevents ripple from being amplified as the output voltage is 
increased. With a 10 juF bypass capacitor 80 dB ripple re- 
jection is obtainable at any output level. Increases over 10 
H F do not appreciably improve the ripple rejection at fre- 
quencies above 120 Hz. If the bypass capacitor is used, it is 
sometimes necessary to include protection diodes to pre- 
vent the capacitor from discharging through internal low cur- 
rent paths and damaging the device. 

In general, the best type of capacitors to use are solid tanta- 
lum. Solid tantalum capacitors have low impedance even at 
high frequencies. Depending upon capacitor construction, it 
takes about 25 jaF in aluminum electrolytic to equal 1 jaF 
solid tantalum at high frequencies. Ceramic capacitors are 
also good at high frequencies; but some types have a large 
decrease in capacitance at frequencies around 0.5 MHz. 
For this reason, 0.01 jaF disc may seem to work better than 
a 0.1 jaF disc as a bypass. 

Although the LM117HV is stable with no output capacitors, 
like any feedback circuit, certain values of external capaci- 


tance can cause excessive ringing. This occurs with values 
between 500 pF and 5000 pF. A 1 jaF solid tantalum (or 25 
jaF aluminum electrolytic) on the output swamps this effect 
and insures stability. Any increase of load capacitance larg- 
er than 10 jaF will merely improve the loop stability and 
output impedance. 

Load Regulation 

The LM117HV is capable of providing extremely good load 
regulation but a few precautions are needed to obtain maxi- 
mum performance. The current set resistor connected be- 
tween the adjustment terminal and the output terminal (usu- 
ally 240ft) should be tied directly to the output of the regula- 
tor rather than near the load. This eliminates line drops from 
appearing effectively in series with the reference and de- 
grading regulation. For example, a 15V regulator with 0.05ft 
resistance between the regulator and load will have a load 
regulation due to line resistance of 0.05ft X l[_. If the set 
resistor is connected near the load the effective line resist- 
ance will be 0.05ft (1 + R2/R1) or in this case, 11.5 times 
worse. 

Figure 2 shows the effect of resistance between the regula- 
tor and 240ft set resistor. 


LM117HV 



FIGURE 2. Regulator with Line 
Resistance in Output Lead 


With the TO-3 package, it is easy to minimize the resistance 
from the case to the set resistor, by using two separate 
leads to the case. However, with the TO-5 package, care 
should be taken to minimize the wire length of the output 
lead. The ground of R2 can be returned near the ground of 
the load to provide remote ground sensing and improve 
load regulation. 

Protection Diodes 

When external capacitors are used with any 1C regulator it is 
sometimes necessary to add protection diodes to prevent 
the capacitors from discharging through low current points 
into the regulator. Most 10 jaF capacitors have low enough 
internal series resistance to deliver 20A spikes when short- 
ed. Although the surge is short, there is enough energy to 
damage parts of the 1C. 

When an output capacitor is connected to a regulator and 
the input is shorted, the output capacitor will discharge into 
the output of the regulator. The discharge current depends 
on the value of the capacitor, the output voltage of the regu- 
lator, and the rate of decrease of V|n. In the LM117HV, this 
discharge path is through a large junction that is able to 
sustain 15A surge with no problem. This is not true of other 
types of positive regulators. For output capacitors of 25 jaF 
or less, there is no need to use diodes. 
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The bypass capacitor on the adjustment terminal can dis- 
charge through a low current junction. Discharge occurs 
when either the input or output is shorted. Internal to the 
LM1 17HV is a 50H resistor which limits the peak discharge 
current. No protection is needed for output voltages of 25V 
or less and 10 jllF capacitance. Figure 3 shows an 
LM117HV with protection diodes included for use with out- 
puts greater than 25 V and high values of output capaci- 
tance. 


D1 

1 N 4002 



FIGURE 3. Regulator with Protection Diodes 

V 0U t= 1.25V (l +j^) +I AD jR2 

D1 protects against Cl 
D2 protects against C2 


Schematic Diagram 
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LM117HV/LM317HV 




LM117HV/LM317HV 


Typical Applications (Continued) 


Slow Turn-On 15V Regulator 

LM117HV 



Adjustable Regulator with Improved 
Ripple Rejection 

LM117HV 



TL/H/9062-10 


tSolid tantalum 

* Discharges Cl if output is shorted to ground 


High Stability 10V Regulator 


LM117HV 



High Current Adjustable Regulator 

3-LM195 S IN PARALLEL 


V| N 



* V 0 UT 


TL/H/9062-12 

tSolid tantalum 

‘Minimum load current = 30 mA 
SOptional— improves ripple rejection 


0 to 30V Regulator 

LM117HV 



TL/H/9062-13 


Full output current not available 
at high input-output voltages 


Power Follower 

10V -40V 



TL/H/9062-14 
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Typical Applications (Continued) 


5A Constant Voltage/Constant Current Regulator 

MJ4502 



1A Current Regulator 

LM317HV 



TL/H/9062-16 


1.2V-20V Regulator with 
Minimum Program Current 


LM117HV 



TL/H/9062-17 

♦Minimum load current = 4 mA 



LM117HV/LM317HV 


Typical Applications (Continued) 


High Gain Amplifier 


v + 



Low Cost 3A Switching Regulator 


Q1 

iwnoi 



tSolid tantalum TL/H/9062-19 

•Core — Arnold A-254168-2 60 turns 


4A Switching Regulator with Overload Protection 


3-LM195 IN PARALLEL 



tSolid tantalum TL/H/9062-20 

•Core — Arnold A-2541 68-2 60 turns 


Precision Current Limiter 


V|N 


TL/H/9062-21 

*0.8fl ^ R1 ^ 120fl 



Tracking Preregulator 

R2 

720 



Adjustable Multiple On-Card Regulators 
with Single Control* 


LM117HV LM117HV LM117HV 



•All outputs within ± 1 00 mV 
tMinimum load — 10 mA 

TL/H/9062-23 
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Typical Applications (Continued) 


AC Voltage Regulator 
LM317HV 



TL/H/9062-24 


12V Battery Charger 


1000 /iF 



(”5f) 


*Rs — sets output impedance of charger Zout = Rs 

Use of Rs allows low charging rates with fully charged battery. 
'The 1000 ju,F is recommended to filter out input transients 


50 mA Constant Current Battery Charger 
LM317HV 


VllM- 


V IN v 0UT 

ADJ 

24 



ra 

1 


1 


TL/H/9062-26 


Adjustable 4A Regulator 

LM317HV 



Current Limited 6V Charger 
LM317HV 



•Sets peak current (0.6A for 1 Cl) 

**The 1000 ix F is recommended to filter out input transients 
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LM117HV/LM317HV 








LM117HV/LM317HV 


Connection Diagrams (See Physical Dimension section for further information) 


(TO-3 Steel) 
Metal Can Package 



TL/H/9062-29 

Case is Output 
Bottom View 

Order Number LM117HVK STEEL, 
LM317HVK STEEL 
See NS Package Number K02A 


(TO-39) 

Metal Can Package 



Case is Output 
Bottom View 


Order Number LM117HVH, 
or LM317HVH 

See NS Package Number H03A 
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National 

Semiconductor 

Corporation 


LM120/LM320 Series 3-Terminal Negative Regulators 


General Description 

The LM120 series are three-terminal negative regulators 
with a fixed output voltage of —5V, -12V, and -15V, and 
up to 1 .5A load current capability. Where other voltages are 
required, the LM137 series provides an output voltage 
range of -1.2V to -4.7 V. 

The LM120 need only one external component — a compen- 
sation capacitor at the output, making them easy to apply. 
Worst case guarantees on output voltage deviation due to 
any combination of line, load or temperature variation as- 
sure satisfactory system operation. 

Exceptional effort has been made to make the LM120 Se- 
ries immune to overload conditions. The regulators have 
current limiting which is independent of temperature, com- 
bined with thermal overload protection. Internal current limit- 
ing protects against momentary faults while thermal shut- 
down prevents junction temperatures from exceeding safe 
limits during prolonged overloads. 

Although primarily intended for fixed output voltage applica- 
tions, the LM120 Series may be programmed for higher out- 
put voltages with a simple resistive divider. The low quies- 
cent drain current of the devices allows this technique to be 
used with good regulation. 


Features 

□ Preset output voltage error less than ±3% 
m Preset current limit 
m Internal thermal shutdown 

E3 Operates with input-output voltage differential down to 
IV 

d Excellent ripple rejection 

m Low temperature drift 

B Easily adjustable to higher output voltage 


LM120 Series Packages and Power Capability 


Device 

Package 

Rated 

Power 

Dissipation 

Design 

Load 

Current 

LM120 

TO-3 

20W 

1.5A 

LM320 

TO-39 

2W 

0.5A 

LM320T 

TO-220 

15W 

1.5A 

LM320M 

TO-202 

7.5W 

0.5A 


Typical Applications 

Preventing Positive Regulator Latch-Up 



R1 & D1 allow the positive regulator to “start-up” when +V|n is delayed relative to 
_ V|n and a heavy load is drawn between the outputs. Without R1 & D1, most three- 
terminal regulators will not start with heavy (0.1 A- 1 A) load current flowing to the 
negative regulator, even though the positive output is clamped by D2. 

'R2 is optional. Ground pin current from the positive regulator flowing through R1 will 
increase + Vqut ~ 60 mV if R2 is omitted. 


Fixed Regulator 


TT 2.2/j F 



LM120 


I _ lul 

1^0 


* Required if regulator is separated from filter ca- 
pacitor by more than 3" . For value given, ca- 
pacitor must be solid tantalum. 25 ju,F aluminum 
electrolytic may be substituted, 
t Required for stability. For value given, capacitor 
must be solid tantalum. 25 /xF aluminum elec- 
trolytic may substituted. Values given may be 
increased without limit. 


For output capacitance in excess of 100 jaF, a 
high current diode from input to output 
(1N4001, etc.) will protect the regulator from 
momentary input shorts. 


Dual Trimmed Supply 
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LM120/LM320 


-5 Volt Regulators (Note 3) 

Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 5) 

Power Dissipation Internally Limited 

Input Voltage -25V 

Electrical Characteristics 




[ Metal Can Package 

| Power Plastic Package 


Order Numbers 

LM120K-5.0 

LM320K-5.0 

LM120H-5.0 

LM320H-5.0 

LM320T-5.0 

LM320MP-5.0 



1 

(TO-3) 

(TO-3) 

(TO-39) 

(TO-39) 

(TO-220) 

(TO-202) 

Units 

Design Output Current (Ip) 


1.5A 


1.5A 


0.5A 



0.5A 



1.5 A 



0.5A 


Device Dissipation (Pq) 


20W 



20W 


2W 



2W 



15W 



7.5W | 


Parameter 

Conditions (Note 1) 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 


Output Voltage 

Tj = 25°C, V| N = 10V, 

J|_OAD = 5 m A 

-5.1 

~5 

-4.9 

-5.2 

-5 

-4.8 

-5.1 

-5 

-4.9 

-5.2 

-5 

-4.8 

-5.2 

-5 

-4.8 

-5.2 

-5 

-4.8 

V 

Line Regulation 

Tj = 25°C, IloaD = 5 mA, 

Vmin ^ Vin ^ V M AX 


10 

25 


10 

40 


10 

25 


10 

40 


10 

40 


10 

40 

mV 

Input Voltage 


-25 


-7 

-25 


-7 

-25 


-7 

--25 


-7 

-25 


-7.5 

-25 


-7.5 

V 

Ripple Rejection 

f = 120 Hz 

54 

64 


54 

64 


54 

64 


54 

64 


54 

64 


54 

64 


dB 

Load Regulation, 

(Note 2) 

Tj = 25°C, V iN = 10V, 

5 mA < l|_OAD ^ Id 


50 

75 


60 

100 


30 

50 


30 

50 


50 

100 


40 

100 

mV 

Output Voltage, 

(Note 1) 

-7.5V ^ V| N ^ V M ax, 

5 mA < Iload ^ Id- p ^ p D 

-5.20 


-4.80 

-5.25 


-4.75 

-5.20 


-4.80 

-5.25 


-4.75 

-5.25 


-4.75 

-5.25 

-5 

-4.75 

V 

Quiescent Current 

Vmin ^ v IN ^ v M ax 


1. 

2 


1 

2 


• 1 ■ 

2 


1 

2 


1 

2 


1 

2 

mA 

Quiescent Current 

Tj = 25°C 




















Change 

Vmin ^ V| N < v M ax 


0,1 

0.4 


0,1 

0.4 


0.05 

0.4 


0.05 

0.4 


0.1 

0.4 


0.05 

0.3 

mA 


5 mA < Iload ^ to 


0.1 

0.4 


0.1 

0.4 


0.04 

0.4 


0,04 

0.4 


0.1 

0.4 


0,04 

0.25 

mA 

Output Noise Voltage 

Ta = 25°C, Cl — 1 /xF, II = 5 mA, 
V !N = 10V, 10Hz ^f< 100kHz 


150 



150 



150 



150 


| 

150 



150 


/xV 

Long Term Stability 



5 

50 


5 

50 


5 

50 


5 

50 


10 



10 


mV 

Thermal Resistance 














i 







Junction to Case 




3 



3 



Note 4 



Note 4 


4 



12 


°C/W 

Junction to Ambient 




35 



35 



Note 4 



Note 4 


50 



70 


°C/W 


Note 1: This specification applies over -55°C ^ Tj ^ +150°C for the LM120 and 0°C ^ Tj ^ +125°C for the LM320. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty cycle, pulse testing is 
used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifications apply only up to Pq. 

Note 3: For — 5V 3 amp regulators, see LM145 data sheet. 

Note 4: Thermal resistance of typically 85°C/W (in 400 linear feet air flow), 224°C/W (in static air) junction to ambient, of typically 21 8 C/W junction to case. 

Note 5: Refer to RETS120-5H drawing for LM120H-5.0 or RETS120-5K drawing for LM120-5K military specifications. 


Input-Output Voltage Differential 
Junction Temperatures 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 
Plastic 


25V 
See Note 1 
— 65°C to + 1 50°C 
300°C 
260°C 
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- 12 Volt Regulators 
Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 4) 

Power Dissipation Internally Limited 

Input Voltage -35V 


Electrical Characteristics 




Metal Can Package 

| Power Plastic Package 


Order Numbers 

LM120K-12 

LM320K-12 

LM120H-12 

LM320H-12 

LM320T-12 

LM320MP-12 




(TO-3) 

(TO-3) 

(TO-39) 

(TO-39) 

(TO-220) 

(TO-202) 

Units 

Design Output Current (Ip) 


1A 



1A 



0.2A 



0.2A 



1A 



0.5A 


Device Dissipation (Pp) 


20W 



20W 



2W 



2W 



15W 



7.5W 



Parameter 

Conditions (Note 1) 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 


Output Voltage 

Tj = 25°C,V| N = 17 V, 

Iload = 5 mA 

-12.3 

-12 

-11.7 

-12.4 

-12 

-11.6 

-12.3 

-12 

-11.7 

-12.4 

-12 

-11.6 

-12.4 

-12 

-11.6 

-12.5 

-12 

-11.5 

V 

Line Regulation 

Tj = 25°C, l|_OAD = 5 mA > 

VmIN ^ Vin ^ V MAX 


4 j 

10 


4 

20 


4 | 

10 


4 

20 


4 

20 


4 

24 

mV 

Input Voltage 


-32 


-14 

-32 


-14 

-32 


-14 

-32 


-14 

-32 


-14.5 

-32 


-14.5 

V 

Ripple Rejection 

f = 120 Hz 

56 

80 


56 

80 


56 

80 ; 


56 

80 


56 

80 


56 

80 


dB 

Load Regulation, 

(Note 2) 

Tj = 25°C, V| N = 17V, 

5 mA ^ Iload ^ Id 


30 

80 


30 

80 


io ; 

25 


10 

40 


30 

80 


40 

100 

mV 

Output Voltage, 

(Note 1) 

14.5V ^V| N ^V MAXi 

5 mA ^ Iload ^ Id. p ^ p d 

-12.5 


-11.5 

-12.6 


-11.4 

-12.5 


-11.5 

-12.6 


-11.4 

-12.6 


-11.4 

-12.6 


-11.4 

V 

Quiescent Current 

V MIN ^ V IN ^ V MAX 


2 

4 


2 

4 


2 ] 

4 


2 

4 


2 

4 


2 

4 

mA 

Quiescent Current 

Tj = 25°C 




















Change 

VmIN ^ V IN ^ V MAX 


0.1 

0.4 


0.1 

0.4 


0.05 

0.4 


0.05 

0.4 


0.1 

0.4 


0.05 

0.3 

mA 


5 mA < Iload ^ Id 


0.1 

0.4 


0.1 

0.4 


0.03 

0.4 


0.03 

0.4 


0.1 

0.4 


0.04 

0.25 

mA 

Output Noise Voltage 

T a = 25°C, Cl = 1 ju-F, II = 5 mA, 
V| N = 17V, 10Hz<f < 100 kHz 


400 



400; 



400 



400 



400 



400 



Long Term Stability 



12 

120 


' 12 : 

120 


12 

120 


12 

120 


24 



24 


mV 

Thermal Resistance 





















Junction to Case 




3 



3 



Note 3 



Note 3 


4 



12 


°C/W 

Junction to Ambient 




35 



35 



Note 3 



Note 3 


50 : 



70 


°C/W 


Note 1: This specification applies over -55°C ^ Tj ^ + 150°C for the LM120 and 0°C ^ Tj ^ +125°C for the LM320. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty cycle, pulse testing is 
used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifications apply only up to Pq. 

Note 3: Thermal resistance of typically 85°C/W (in 400 linear feet/min air flow), 224°C/W (in static air) junction to ambient, of typically 21°C/W junction to case. 

Note 4: Refer to RETS120H-12 drawing for LM120H-12 or RETS120-12K drawing for LM120K-12 military specifications. 


Input-Output Voltage Differential 30V 

Junction Temperatures See Note 1 

Storage T emperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 1 0 sec.) 300°C 


ozemn/osunn 
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LM120/LM320 


- 15 Volt Regulators 
Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 4) 

Power Dissipation Internally Limited 

Input Voltage 

LM120/LM320 -40V 

LM320T/LM320MP -35V 


Electrical Characteristics 




| Metal Can Package 

| Power Plastic Package 


Order Numbers 

LM120K-15 

LM320K-15 

LM120H-15 

LM320H-15 

LM320T-15 

LM320MP-15 




(TO-3) 

(TO-3) 

(TO-39) 

(TO-39) 

(TO-220) 

(TO-202) 

Units 

Design Output Current (Ip) 


1A 



1A 



0.2A 



0.2A 



1A 



0.5A 


Device Dissipation (Pp) 


20W 



20W 



2W 



2W 



15W 



7.5W 



Parameter 

Conditions (Note 1) 

Min 

C73 

| Max 

Min 

m 

| Max 

Min 

SSK 

| Max 

Min 

|Typ 

| Max 

Min 

Typ 

| Max 

Min 

era 

| Max 


Output Voltage 

Tj = 25°C, V| N = 20V, 

Iload = 5 mA 

-15.3 

B 



B 





-15.4 

m 



u 


-15.6 

2§ 



Line Regulation 

Tj = 25°C, IloaD = 5 mA, 

V MIN ^ V| N £ V MAX 

■ 

a 



a 



a 

D 


a 

20 


a 

20 


a 



Input Voltage 


-35 


el 

-35 

1 ^ 

£S 

-35 





-17 

-35 


-17.5 

-35 



V 

Ripple Rejection 

f = 120 Hz 


15tl 


E3 

15*1 






1S1 






m 


dB 

Load Regulation, 

(Note 2) 

Tj = 25°C, V| N = 20V, 

5 mA ^ Iload ^ Ip 


00 

80 


00 

80 


10 

B 


a 



B 



a 



Output Voltage, 

(Note 1) 








-15.5 

■ 



a 



a 



a 



Quiescent Current 

VmIN ^ V IN ^ VmaX 


2 

4 


; 2 1 

4 


2 

4 


2 

4 


2 

4 


2 : 

4 

mA 

Quiescent Current 

Tj = 25°C 




















Change 

VmIN ^ V IN ^ VmaX 


0.1 

0.4 


0.1 1 

0.4 


0.05 

0.4 


0.05 

0.4 


0.1 

0.4 


0.05 

0.3 

mA 


5 mA < Iload ^ Id 


0.1 

0.4 


0.1 

0.4 


0.03 

0.4 


0.03 

0.4 


o.i : 

0.4 


0.04 

0.25 

mA 

Output Noise Voltage 

T a = 25°C, Cl = 1 juF, II = 5 mA, 
V| N = 20V, 10 Hz ^f^ 100 kHz 


400 



400 1 



400 



400 



400 



400; 


pV 

Long Term Stability 



15 

150 


15 i 

150 


15 

150 


15 

150 


so ; 



30 


mV 

Thermal Resistance 





















Junction to Case 




3 



3 



Note 3 



Note 3 


4 



12 


°C/W 

Junction to Ambient 




35 



35 



Note 3 



Note 3 


50 ; 



70 


°C/W 


Note 1: This specification applies over — 55°C ^ Tj ^ +150°C for the LM120 and 0°C < Tj ^ +125°C for the LM320. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty cycle, pulse testing is 
used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifications apply only up to Pq. 

Note 3: Thermal resistance of typically 85°C/W (in 400 linear feet/min air flow), 224°C/W (in static air) junction to ambient, of typically 21°C/W junction to case. 

Note 4: Refer to RETS120-15H drawing for LM120H-15 or RETS120-15K drawing for LM120K-15 military specifications. 


Input-Output Voltage Differential 30V 

Junction Temperatures See Note 1 

Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 300°C 


















Typical Performance Characteristics 


Output Voltage vs 
Temperature 



-50 -25 0 25 50 76 100 125 150 


JUNCTION TEMPERATURE CC) 

Note: Shaded portion refers to 
LM320 series regulators. 

Output Impedance TO-5 
and TQ-202 Packages 


louT = 1 °0 mA = Cqut = 5^F — rtz: 
V.n-Vout = 5V = ALUMINUM = 



C O ut = 10mFS0LI0H 


TANTALUM 


0.01k 0.1k Ik 10k 100k 1M 

FREQUENCY (Hi) 


Ripple Rejection 
(All Types) 



0.01k 0.1k Ik 10k 100k 

FREQUENCY (Hz) 


Minimum Input-Output 
Differential TO-3 and 


TO-220 Packages 

2 .5 , , ■ a - |- 


Bi 

H 



Bi 


bi 


^B 


B 

WA 

BI 

BI 

PB 

^B 

BP 


^B 

^B 

■ 

B 

WA 

B! 

Hi 

bi 

HR 

B 

TM 

za 

m 


IB 

Wj 



B 

S5 

rj* 


H 

bi 

mi 

jag 

mm 

& 

■ 


m 

Bi 

BI 



■ 

IB 


B 


0 0.25 0.5 0.75 1.0 1.25 1.5 

OUTPUT CURRENT (A) 


Quiescent Current vs 
Input Voltage 



5 10 15 20 25 30 35 40 

INPUT VOLTAGE (V) 


Quiescent Current vs 



0 0.25 0.5 0.75 1.0 1.25 1.5 

OUTPUT CURRENT (A) 


Note: Shaded area shows operating 
range of TO-5 and TO-202 packages. 


Output Impedance TO-3 
and TO-220 Packages 



Minimum Input-Output 
Differential TO-5 and 



0 0.1 0.2 0.3 0.4 0.5 


OUTPUT CURRENT (A) 


Maximum Average Power 
Dissipation (TO-3) 



AMBIENT TEMPERATURE CO 


TL/H/7767-4 

"These curves for LM120 and LM220. 

Derate 25°C further for LM320. 


1 
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LM120/LM320 




LM120/LM320 


Typical Performance Characteristics (Continued) 


Maximum Average Power 



25 50 75 100 125 150 

AMBIENT TEMPERATURE (°C) 


Maximum Average Power 
Dissipation (TO-202) 



0 10 20 30 40 50 60 70 

AMBIENT TEMPERATURE <°C) 


Maximum Average Power 
Dissipation (TO-220) 



z 




Z 




















T02J 

JO, 5°C; 
r SINK 

W 




^HEAl 






V 

t= 





V 

1 





HEATSINK 

■ 1 


TO 220. NO SINK 


0 25 50 75 100 125 150 


AMBIENT TEMPERATURE (° C) 


Short Circuit Current 



V|N - v 0UT < v > 


TL/H/7767-5 


Typical Applications (Continued) 


High Stability 1 Amp Regulator 



TL/H/7767-6 

Lead and line regulation — 0.01 % temperature stability — 0.2% 
t Determines Zener current. 
ttSolid tantalum. 

An LM120-12 or LM120-15 may be used to permit higher input voltages, but the regulated output voltage must be at least —15V when using the LM120-12 and 
-18V for the LM1 20-1 5. 

**Select resistors to set output voltage. 2 ppm/°C tracking suggested. 
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Typical Applications (Continued) 

Wide Range Tracking Regulator Current Source 



‘Resistor tolerance of R1 and R2 determine matching of (+) and (-) 
inputs. 

‘Necessary only if raw supply capacitors are more than 3" from regulators 
An LM3086N array may substitute for Q1 , D1 and D2 for better stability and 
tracking. In the array diode transistors Q5 and Q4 (in parallel) make up D2; 
similarly, Q1 and Q2 become D1 and Q3 replaces the 2N2222. 

Variable Output 



‘Optional. Improves transient response and ripple rejection. 
R1+R2 


V OUT = VsET - 


SELECT R2 AS FOLLOWS: 
LM 120-5 -300H 

LM120-12 -750 ft 

LM 120-1 5 -Ik 



: 15V, 1 Amp Tracking Regulators 



Load Regulation at AIl = 1 A 10 mV 1 mV 

Output Ripple, C|n = 3000 jliF, lj_ == 1A 100 jaVrms 100 ju-Vrms 

Temperature Stability + 50 mV + 50 mV 

Output Noise 10 Hz ^ f ^ 10 kHz 150 juVrms 150 ^Vrms 

‘Resistor tolerance of R4 and R5 determine matching of ( + ) and 
(-) outputs. 

“ Necessary only if raw supply filter capacitors are more than 2" 
from regulators. 


Light Controllers Using Silicon Photo Cells 



‘Lamp brightness increases until i| = 5V/R1 (i| can be set as low as 1 pA). 
I Necessary only of raw supply filter capacitor is more than 2" from 
LM320MP. 



tNecessary only if raw supply filter capacitor is more than 2" from LM320. 


1 
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LM120/LM320 


Connection Diagrams 



Metal Can Package TO-39 (H) 
Order Number LM120H-5.0, 
LM120H-12, LM120H-15, LM320H- 
5.0, LM320H-12 or LM320H-15 
See NS Package Number H03A 


INPUT 



Steel Metal Can Package TO-3 (K) 
Order Number LM120K-5.0, 
LM120K-12, LM120K-15, LM320K- 
5.0, LM320K-12 or LM320K-15 
See NS Package Number K02A 



Aluminum Metal Can 
Package TO-3 (KC) 

Order Number LM320KC-5.0, 
LM320KC-12 or LM320KC-15 
See NS Package Number KC02A 


INPUT 



Power Package TO-202 (P) 
Order Number LM320MP-5.0, 
LM320MP-12 or LM320MP-15 
See NS Package Number P03A 

Schematic Diagrams 


INPUT 



TL/H/7767-17 

Front View 

Power Package TO-220 (T) 

Order Number LM320T-5.0, LM320T-12 or LM320T-15 
See NS Package Number T03B 


— 5V 
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Schematic Diagrams (Continued) 

-12V and -15V 



1 
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LM123/LM323 


National 

Semiconductor 

Corporation 



LM123/LM323 3 Amp, 5 Volt Positive Regulator 


General Description 

The LM123 is a three-terminal positive regulator with a pre- 
set 5V output and a load driving capability of 3 amps. New 
circuit design and processing techniques are used to pro- 
vide the high output current without sacrificing the regulation 
characteristics of lower current devices. 

The 3 amp regulator is virtually blowout proof. Current limit- 
ing, power limiting, and thermal shutdown provide the same 
high level of reliability obtained with these techniques in the 
LM109 1 amp regulator. 

No external components are required for operation of the 
LM123. If the device is more than 4 inches from the filter 
capacitor, however, a 1 jxF solid tantalum capacitor should 
be used on the input. A 0.1 ju,F or larger capacitor may be 
used on the output to reduce load transient spikes created 
by fast switching digital logic, or to swamp out stray load 
capacitance. 

An overall worst case specification for the combined effects 
of input voltage, load currents, ambient temperature, and 


power dissipation ensure that the LM123 will perform satis- 
factorily as a system element. 

For applications requiring other voltages, see LM150 series 
data sheet. 

Operation is guaranteed over the junction temperature 
range -55°C to +150°C. An electrically identical LM323 is 
specified from 0°C to +125°C junction temperature. A her- 
metic TO-3 package is used for high reliability and low ther- 
mal resistance. 

Features 

■ 3 amp output current 

■ Internal current and thermal limiting 

■ 0.01 ft typical output impedance 

■ 7.5V minimum input voltage 

■ 30W power dissipation 

■ 100% electrical burn-in 


Connection Diagram 


Metal Can Package 



GND 

(CASE) 


TL/H/7771-2 

Order Number LM123K STEEL or LM323K STEEL 
See NS Package Number K02A 


Typical Applications 


Basic 3 Amp Regulator 



LM123 


r * ! 


U «N + 1 

ImF * 

SOLID — l — 
TANTALUM j 



±L-tc t 

— | — O.VF 


’Required if LM123 is more than 4" from filter capacitor. 
tRegulator is stable with no load capacitor into resistive loads. 


TL/H/7771-3 
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— 65°C to + 150°C 
300°C 


100% All Devices 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Storage Temperature Range -65°C to + 150°C 

contact the National Semiconductor Sales Office/ Lead Temperature (Soldering, 10 sec.) 300°C 

Distributors for availability and specifications. 

<Note 4) Preconditioning 

Input Voltage 20V Burn-In in Thermal Limit 100% All Devices 

Power Dissipation Internally Limited 

Operating Junction Temperature Range 
LM123 — 55°C to + 150°C 

LM323 0°C to + 125°C 

Electrical Characteristics (Notei) 


LM123 LM323 

Parameter Conditions Units 

Min Typ Max Min Typ Max 

Output Voltage T, = 2TC 4.8 5 5.2 V 

V| N = 7.5V, Iqut = 0A 

7.5V ^ V|n ^ 15V y 

0A <; Iqut £ 3A, P ^ 30W 

Line Regulation (Note 3) Tj = 25°C 

7,5V ^ V| N ^ 15V !__!! 5 25 mV 

Load Regulation (Note 3) Tj = 25°C, V IN = 7.5V, 25 25 mV 

0A ^ louT ^ 3A 

Quiescent Current 7.5V ^ V IN ^ 15V, 

0A £ louT ^ 3A 

Output Noise Voltage Tj = 25°C .. .. 

IQHz^ 100kHz « " ^ VrmS 

Short Circuit Current Limit Tj = 25°C 

V| N = 15V 3 4.5 3 4.5 

V IN = 7.5V 4 5 4 5 

Long Term Stability 35 35 mW 


Thermal Resistance Junction . . 0 ~.. A/ 

2 C. Lr/W 

to Case (Note 2) 


Note 1: Unless otherwise noted, specifications apply for -55°C ^ Tj ^ + 150°C for the LM1 23 and 0°C ^ Tj ^ + 125°C for the LM323. Although power dissipation 
is internally limited, specifications apply only for P ^ 30W. 

Note 2: Without a heat sink, the thermal resistance of the TO-3 package is about 35°C/W. With a heat sink, the effective thermal resistance can only approach the 
specified values of 2°C/W, depending on the efficiency of the heat sink. 

Note 3: Load and line regulation are specified at constant junction temperature. Pulse testing is required with a pulse width ^ 1 ms and a duty cycle ^ 5%. 
Note 4: Refer to RETS123K drawing for military specifications for the LM123K. 


Typical Applications (Continued) 

Adjustable Output 5V-10V 0.1% Regulation 



’Select to Set Output Voltage 
’Select to Draw 25 mA from V~ 
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LM123/LM323 






LM123/LM323 


Typical Performance Characteristics 


Maximum Average Power 
Dissipation for LM123 


Maximum Average Power 
Dissipation for LM323 




25 50 75 100 125 

T A - AMBIENT TEMPERATURE CC) 


Peak Available Output Current Short Circuit Current 




INPUT VOLTAGE (V) 



_ 7.5 


10 15 

INPUT VOLTAGE (V) 


Line Transient Response 
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2 3 4 5 

TIME Us) 


Output Impedance 



25 50 75 100 125 

T A - AMBIENT TEMPERATURE (“C> 


10 100 IK 10K 100K 1M 

FREQUENCY (Hz) 


Ripple Rejection 



10 100 IK 10K 100K 1M 

FREQUENCY (Hz) 


Output Voltage 



TEMPERATURE (*C) 

Output Noise Voltage 



FREQUENCY (Hz) 


TL/H/7771 -5 
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LM123/LM323 


Typical Applications (Continued) 


Trimming Output to 5V 



-5VT0 -15V 
REGULATEO 

TL/H/7771-8 


Schematic Diagram 
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Semiconductor 
Corporation 

LM125/LM325/LM325A, LM126/LM326 Voltage 
Regulators 

General Description 

These are dual polarity tracking regulators designed to pro- 
vide balanced positive and negative output voltages at cur- 
rent up to 1 00 mA, the devices are set for ± 1 5V and ± 1 2V 
outputs respectively. Input voltages up to ±30V can be 
used and there is provision for adjustable current limiting. 

These devices are available in three package types to ac- 
commodate various power requirements and temperature 
ranges. 


Features 

d ±15V and + 12V tracking outputs 

■ Output current to 1 00 mA 

■ Output voltage balanced to within 1% (LM125, LM126, 
LM325A) 

■ Line and load regulation of 0.06% 

■ Internal thermal overload protection 

■ Standby current drain of 3 mA 

■ Externally adjustable current limit 
a Internal current limit 



Schematic and Connection Diagrams 



Dual-In-Line Package 



+ SENSE 

+ CURRENT 
LIMIT 

NC 


GND 

REFERENCE 

NC 

-BOOST 


TL/H/7776-2 

Top View 


Order Number LM325AN, 
LM325N or LM326N 
See NS Package Number N14A 


Metal Can Package 

GND 



Case connected to -Vin TL/H/7776-3 

Top View 


Order Number LM125H, 
LM325H, LM126H or LM326H 
See NS Package Number H10C 
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LM 1 25/LM325/LM325A/LM 1 26/LM326 


Absolute Maximum Ratings Operating Conditions 

If Military /Aerospace specified devices are required, Operating Free Temperature Range 



contact the National Semiconductor Sales Office/ LM125 



— 55°Cto + 1 25°C 

Distributors for availability and specifications. LM325, LM325A 


0°Cto +70°C 

(Note 5) 

Storage Temperature Range 

— 65°C to + 1 50°C 

Input Voltage 

± 30V Lead j emperature (Soldering, 1 0 sec.) 


300°C 

Forced Vq + (Min) (Note 1) 

-0.5V 





Forced Vq~ (Max) (Note 1) 

+ 0.5V 





Power Dissipation (Note 2) 

Pmax 





Output Short-Circuit Duration (Note 3) 

Indefinite 





Electrical Characteristics LMi25/LM325/LM325A(Note2) 





Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Output Voltage 

Tj = 25°C 





LM125/LM325A 


14.8 

15 

15.2 

V 

LM325 


14.5 

15 : 

15.5 

V 

Input-Output Differential 


2.0 



V 

Line Regulation 

V| N = 18V to 30V, l L = 20 mA, 

Tj = 25°C 


2.0 

10 


Line Regulation Over Temperature Range 

V| N = 18V to 30V, l L = 20 mA, 


2.0 

20 


Load Regulation 

l L = 0 to 50 mA, V| N = ±30V, 





V 0 + 

Tj = 25°C 


3.0 

10 

mV 

Vo" 



5.0 

10 

mV 

Load Regulation Over Temperature Range 

l L = 0 to 50 mA, V|n = ±30V 





v 0 + 



4.0 

20 

mV 

v 0 - 



7.0 

20 

mV 

Output Voltage Balance 

Tj = 25°C 





LM125, LM325A 




±150 

mV 

LM325 




±300 

mV 

Output Voltage Over Temperature Range 

P <; Pmax> 0 ^ lo ^ 50 mA, 




■■■1 

LM125, LM325A 

18V <; |V| N | £ 30 

14.65 


15.35 


LM325 


14.27 


15.73 


Temperature Stability of Vq 



±0.3 


% 

Short Circuit Current Limit 

Tj = 25°C 


260 


mA 

Output Noise Voltage 

Tj = 25°C, BW = 100 -10 kHz 


150 


juVrms 

Positive Standby Current 

Tj = 25°C 


1.75 

3.0 

mA 

Negative Standby Current 

Tj = 25°C 


3.1 

5.0 

mA 

Long Term Stability 



0.2 


%/kHr 

Thermal Resistance Junction to 

Case (Note 4) 






LM125H, LM325H 



20 


°C/W 

Junction to Ambient 

(Still Air) 


215 


°C/W 

Junction to Ambient 

(400 Lf/min Air Flow) 


82 


°C/W 

Junction to Ambient 

(Still Air) 


90 


°C/W 

LM325AN, LM325N 




Note 1: That voltage to which the output may be forced without damage to the device. 





Note 2: Unless otherwise specified these specifications apply for Tj = 55°C to +150°C on LM125, Tj = 

0°C to + 1 25°C on LM325A, Tj = 0°C to +125°C on 

LM325, V| N = ±20V, l L = 0 mA, l MAX = 100 mA, P MAX 

= 2.0W for the TO-5 H Package. Im AX =100 mA. Im AX =100 mA, Pm AX = 1 .0W for the DIP N Package. 

| Note 3: If the junction temperature exceeds 150°C, the output short circuit duration is 60 seconds. 





Note 4: Without a heat sink, the thermal resistance junction to ambient of the TO-5 Package is about 215°C/W. With a heat sink, the effective thermal resistance 

can only approach the junction to case values specified, depending on the efficiency of the sink. 

Note 5: Refer to RETS125X drawing for military specification of LM125. 
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Absolute Maximum Ratings Operating Conditions 

If Military/ Aerospace specified devices are required, Operating Free Temperature Range 



contact the National Semiconductor Sales Office/ LM126 



— 55°C to 4- 125°C 

Distributors for availability and specifications. LM326 



0°C to +70°C 

(Note 5) 

Storage Temperature Range 

— 65°C to + 1 50°C 

Input Voltage 

- 30V Lead T emperature (Soldering, 1 0 sec.) 


300°C 

Forced Vq + (Min) (Note 1) 

-0.5V 





Forced Vq~ (Max) (Note 1) 

+ 0.5V 





Power Dissipation (Note 2) Internally Limited 





Output Short-Circuit Duration (Note 3) 

Indefinite 





Electrical Characteristics LMi26/LM326(Note2) 





Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Output Voltage 

Tj = 25°C 





LM126/LM326 


11.8 

12 

12.2 

V 



11.5 


12.5 

V 

Input-Output Differential 


2.0 



V 

Line Regulation 

V| N = 15V to 30V 
l L = 20 mA, Tj = 25° C 


2.0 

10 

mV 

Line Regulation Over Temperature Range 

V| N = 15V to 30V, l L = 20 mA 


2.0 

20 

mV 

Load Regulation 

l L = 0 to 50 mA, V|n = ±30V, 





v 0 + 

Tj = 25°C 


3.0 

10 

mV 

V 0 " 



5.0 

10 

mV 

Load Regulation Over Temperature Range 

l L = 0 to 50 mA, V| N = ±30V 





V 0 + 



4.0 

20 

mV 

v 0 - 



7.0 

20 

mV 

Output Voltage Balance 

Tj = 25°C 





LM126, LM326 




±125 

mV 





±250 

mV 

Output Voltage Over Temperature Range 

P ^ PmaXi 0 <Mq ^ 50 mA, 





LM126 

15V <; |V )N | ^ 30 

11.68 


12.32 

V 

LM326 


11.32 


12.68 

V 

Temperature Stability of Vq 



±0.3 


% 

Short Circuit Current Limit 

Tj = 25°C 


260 


mA 

Output Noise Voltage 

Tj = 25°C, BW = 100 - 10 kHz 


100 


jwVrms 

Positive Standby Current 

Tj = 25°C, l L = 0 


1.75 

3.0 

mA 

Negative Standby Current 

Tj = 25°C, l L = 0 


3.1 

5.0 

mA 

Long Term Stability 



0.2 


%/kHr 

Thermal Resistance Junction to 

Case (Note 4) 






LM126H, LM326H 



20 


°C/W 

Junction to Ambient 

(Still Air) 


215 


°C/W 

Junction to Ambient 

(400 Lf/min Air Flow) 


82 


°C/W 

Junction to Ambient LM326N 



150 


°C/W 

Note 1: That voltage to which the output may be forced without damage to the device. 





Note 2: Unless otherwise specified these specifications apply forTj = 55°C to + 150°C on LM126, Tj = 0°C to + 125°C on LM326, V|n 
= 100 mA, Pmax = 2-OW tor the TO-5 H Package. Im A x = 100 mA. I^ax = 100 mA, Pmax = 1-0W for the DIP N Package. 

= ±20V, l L = 

: 0 mA, l MAX 

Note 3: If the junction temperature exceeds 1 50°C, the output short circuit duration is 60 seconds. 





Note 4: Without a heat sink, the thermal resistance junction to ambient of the TO-5 Package is about 215°C/W. With a heat sink, the effective thermal resistance I 

can only approach the junction to case values specified, depending on the efficiency of the sink. 

Note 5: Refer to RETS126X drawing for military specification of LM126. 
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LM 1 25/LM325/LM325A/LM 1 26/LM326 


Typical Performance Characteristics 


0 

1 20 

g 4.0 

I 60 

5 8.0 

o 



5 16 

i 18 


20 

0 20 40 60 80 100 

LOAD CURRENT (mAi 


LM125 Load Regulation 


IS 

V 

~P0S 

1EG“ 




2SI 





no* 

X 



HE# 



. 




\ 

:S 






\m 


am 








■AHyJk ; 




T, - +Z5 U 
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LM126 Load Regulation 



LM125/126 Peak Output 
Current vs 

Junction Temperature 
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JUNCTION TEMPERATURE CC) 

LM 125/ 126 Current 
Limit Sense Voltage vs 
Temperature for Negative 
Regulator 
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LM 125/ 126 Regulator 
Dropout Voltage for 
Positive Regulator 



LOAD CURRENT (mA) 


LM125/126 

Maximum Average Power 
Dissipation vs 
Ambient Temperature 
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T a - AMBIENT TEMPERATURE CC) 
LM125/126 Current 
Limit Sense Voltage vs 
Temperature for Positive 
Regulator 
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LM 125/ 126 

Standby Current Drain 
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Load Transient Response 
for Negative Regulator 
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LM126 

Load Transient Response 
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TL/H/7776-4 
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Typical Performance Characteristics (Continued) 


LM125 

Load Transient Response 



TIME (tpt/DIV) 


LM126 

Line Transient Response 



TIME (2ps/DIV) 


LM125 

Ripple Rejection 



100 1.0k 10k 100k 1M 


FREQUENCY (Hz) 


LM126 

Load Transient Response 



TIME (2ja/DIV) 


LM125 

Line Transient Response 



TIME OOus/OIV) 


LM125 

Output impedance 
vs Frequency 



LM126 

Output Impedance 



100 1.0k 10k 100k 1.0M 

FREQUENCY (Hz) 


LM125 

Line Transient Response 



TIME 12W0IV) 


LM126 

Line Transient Response 



TIME (ISps/DIV) 


LM126 

Ripple Rejection 
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LM 1 25/LM325/LM325A/LM 1 26/LM326 


Typical Applications 

Basic Regulatorttt 



2.0 Amp Boosted Regulator With Current Limit 



TL/H/7776-6 


TL/H/7776-7 


Note: Metal can (H) packages shown. 


•cl 


Current Limit Sense Voltage (See Curve) 
Rcl 


tSolid tantalum 

f TShort pins 6 and 7 on dip 

tttRcL can t> e added to the basic regulator between pins 6 and 5, 1 and 2 to reduce 
current limit. 

’Required if regulator is located an appreciable distance from power supply filter. 

’’Although no capacitor is needed for stability, it does help transient response. (If 
needed use 1 /nF electrolytic). 

” ’Although no capacitor is needed for stability, it does help transient response. (If 
needed use 10 juF electrolytic). 
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^OUT 

1-10mF 


V IN 

*CZ t 
IpF 


TL/H/7776-8 


Resistor Values 



125 

126 

R1 

18 

20 

R2 

310 

180 

R3 

2.4k 

1.35k 

R6 

300 

290 

Rcl 

0.7 

0.9 


LM125/LM325/LM325A/LM126/LM326 





LM 1 25/LM325/LM325A/LM 1 26/LM326 


Typical Applications (Continued) 

Electric Shutdown 



TL/H/7776-10 

tSolid tantalum 
ttShort pins 6 and 7 on dip 

‘Required if regulator is located an appreciable distance from power supply 
filter. 

“Although no capacitor is needed for stability, it does help transient re- 
sponse. (If needed use 1 ju.F electrolytic). 
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LM133/LM333 3-Ampere Adjustable Negative Regulators 


General Description 

The LM133/LM333 are adjustable 3-terminal negative volt- 
age regulators capable of supplying in excess of — 3.0A 
over an output voltage range of -1.2V to -32V. These 
regulators are exceptionally easy to apply, requiring only 2 
external resistors to set the output voltage and 1 output 
capacitor for frequency compensation. The circuit design 
has been optimized for excellent regulation and low themal 
transients. Further, the LM133 series features internal cur- 
rent limiting, thermal shutdown and safe-area compensa- 
tion, making them virtually blowout-proof against overloads. 
The LM133/LM333 serve a wide variety of applications in- 
cluding local on-card regulation, programmable-output volt- 
age regulation or precision current regulation. The LM133/ 
LM333 are ideal complements to the LM150/LM350 adjust- 
able positive regulators. 


Features 

h Output voltage adjustable from -1.2V to -32V 
b 3.0A output current guaranteed, -55°C to +150°C 
B Line regulation typically 0.01 %/V 
b Load regulation typically 0.1% 
b Excellent rejection of thermal transients 
a 50 ppm/°C temperature coefficient 
B Temperature-independent current limit 
a Internal thermal overload protection 
a 100% electrical burn-in 
a Standard 3-lead transistor package 
b Output is short circuit protected 


Connection Diagrams Typical Applications 


TO-3 

Metal Can Package 


CASE IS 
INPUT 


TL/H/9065-1 

Bottom View 


Steel TO-3 Metal Can Package (K 
STEEL) 

Order Number LM133K STEEL or 
LM333K STEEL 

See NS Package Number K02A 



TO-220 

Plastic Package 



ADJUST 


U U VOUT 
V|N 


TL/H/9065-2 

Bottom View 


Adjustable Negative Voltage Regulator 



TL/H/9065-3 

Full output current not available at high input-output voltages. 

-VoUT = -1.25V ^1 + + ( “lADJ X R2^ 

fCI = 1 /iF solid tantalum or 10 juF aluminum electrolytic required for stability. 

*C2 = 1 /jiF solid tantalum is required only if regulator is more than 4" from power supply filter capaci- 
tor. 

Output capacitors in the range of 1 jitF to 1000 juF of aluminum or tantalum electrolytic are commonly 
used to provide improved output impedance and rejection of transients. 


3-Lead TO-220 Plastic Package (T) 
Order Number LM333T 
See NS Package Number T03B 
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LM133/LM333 




LM133/LM333 


Absolute Maximum Ratings 





If Military/ Aerospace specified devices are required, Storage Temperature 

— 65°C to + 150°C 

contact the National Semiconductor Sales Office/ Lead Temperature (Soldering, 10 sec.) 


Distributors for availability and specifications. 70-3 Package 


300°C 

Power Dissipation 

Internally Limited TO-220 Package 


260°C 

Input-Output Voltage Differential 35V 





Operating Junction Temperature Range TMiN toT MAX PrGCOIlditiOninfl 



LM133 

— 55°C to + 1 50°C Burn-In In Thermal Limit 

100% All Devices 

LM333 

— 40°C to + 125°C 





Electrical Characteristics LM133 (Note d (N otes) 







Tested Limit 
(Note 3) 

Design Limit 
(Note 4) 

Units 

Parameter 

Conditions 

Typical 

(Max Unless 
Noted) 

Reference Voltage 

Tj = 25°C, l L = 10 mA 

-1.250 

-1.238 


V(MIN) 




-1.262 


V(MAX) 


TmiN ^ Tj ^ T MAX. 3V |V iN - V 0 utI ^ 35V, 
10 mA <Ul <1 3A, P PmaX 






LM133 

- 1.250 

- 1.225 


V(MIN) 


LM133 


- 1.275 


V(MAX) 

Line Regulation 

Tj = 25°C, 3V S |V| N - VoutI ^ 35V, 

Iqut = 50 mA (Note 2) 

0.01 

0.02 


%/V 


LM133 

0.02 

0.05 


%/V 

Load Regulation 

Tj = 25°C, 10 mA ^ Iqut ^ 3A, P ^ Pmax 
(N otes 2 and 6) 

0.2 

0.5 


% 


LM133 

0.4 

1.0 


% 

Thermal Regulation 

Tj = 25°C, 10 ms Pulse 

0.002 

0.01 


%/W 

Temperature Stability 

Tmin ^ Tj ^ T MAX 

0.4 



% 

Long Term Stability 

Tj = 125°C, 1000 Hours 

0.15 


0.8 

% 

Adjust Pin Current 

Tj = 25°C 






LM133 

65 

90 


jmA 


LM133 

70 

100 


jliA 

Adjust Pin Current 

Tj = 25°C, 10 mA ^ II ^ 3A 

2 

5 

6 

julA 

Change 

Tj = 25°C, 3.0V <: |V| N - VoutI ^ 35V 

2 

5 

6 

IxA 

Minimum Load 

|V|N- VoutI i 35V, Tj = 25"C 





Current 

LM133 

2.5 

5.0 


mA 


|V|N - VoutI ^ iov, Tj = 25°c 






LM133 

1.2 

2.5 


mA 

Current Limit 

3V <; |V| N - VoutI ^ iov, Tj = 25“C 





(Note 6) 

LM133 

3.9 

3.0 


A(MIN) 


|V|N - VoutI = 20V, Tj = 25*c 






LM133 

2.4 

1.25 


A(MIN) 


|V| N - VoutI = 30V, Tj = 25"C 






LM133 

0.4 

0.3 


A(MIN) 

Output Noise 
(% Of V 0U t) 

10 Hz to 10 kHz, Tj = 25°C 




% (rms) 

Ripple Rejection 

V 0 UT = 10V, f = 120 Hz, Tj = 25°C 

CADJ = 0 




dB 


CADJ = 10 fiF 

■n 


■ 

dB 

Thermal Resistance 

TO-3 Package (K STEEL) 

■a 



°C/W 


TO-220 Package (T) 

mm 



°C/W 

Thermal Shutdown 

LM133 

163 

150 


°C(MIN) 

Temperature 

LM133 



190 

°C(MAX) 
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Electrical Characteristics LM133 (Note n (Note 5) 

Parameter 

Conditions 

Typical 

Tested Limit 
(Note 3) 

Design Limit 
(Note 4) 

Units 

(Max Unless 
Noted) 


Reference Voltage 

Tj = 25°C, l L = 10 mA 

-1.250 

-1.225 


V(MIN) 





-1.275 


V(MAX) 



TmIN ^ Tj ^ T M aX, 3V ^ |V|N “ VoutI ^ 35V, 

- 1.250 


- 1.213 

V(MIN) 



10 mA <Ml ^ 3A, P <i Pmax 



- 1.287 

V(MAX) 


Line Regulation 

Tj = 25°C, 3V S |V| N - VoutI £ 35V, 

0.001 

0.004 


%/V 



•out = 50 mA (Note 2) 

0.02 


0.07 

%/V 


Load Regulation 

Tj = 25°C, 10 mA ^ Iqut ^ 3A, P ^ Pmax 

0.2 

1.0 


% 



(Notes 2 and 6) 

0.4 


1.5 

% 


Thermal Regulation 

Tj = 25°C, 10 ms Pulse 

0.002 

0.02 


% /W 


Temperature Stability 

Tmin ^ Tj ^ t MAX 

0.5 



% 


Long Term Stability 

Tj = 1 25°C, 1000 Hours 

0.2 


0.8 

% 


Adjust Pin Current 

Tj = 25°C 

65 

95 


juA 




70 


100 

juA 


Adjust Pin Current 

Tj = 25°C, 10 mA ^ l L 3A 

2.5 

7 

8 

jjlA 

7 

Change 

Tj = 25°C, 3.0V ^ |V| N ^ ^ 35V 

2.5 

7 

8 

jliA 


Minimum Load 

|ViN - VoutI ^ 35V, Tj = 25”C 

2.5 

10 

10 

mA 


Current 

|V|N - VoutI ^ iov.Tj = 25-c 

1.5 

5.0 

5.0 

mA 


Current Limit 

3V <; |V,m - VoutI ^ iov, Tj = 25°C 

3.9 

2.0 

3.0 

A(MIN) 


(Note 6) 

|V| N - VoutI = zov.Tj = 25°c 

2.4 

1.0 

1.0 

A(MIN) 



|V| N - VoutI = sov.Tj = 25-c 

0.4 

0.20 

0.2 

A(MIN) 


Output Noise 
(% of Vout) 

10 Hz to 10 kHz, Tj = 25°C 

0.003 


0.010 

% (rms) 


Ripple Rejection 

VoUT = 10V, f = 120 Hz, Tj = 25°C 

CadJ = 0 fiF 

60 


50 

dB 



CADJ = 10 / aF 

77 


66 

dB 


Thermal Resistance 

TO-3 Package (K STEEL) 

1.2 


1.8 

°C/W 


Junction to Case 

TO-220 Package (T) 

3 


4 

°C/W 


Thermal Shutdown 


163 


150 

°C(MIN) 


Temperature 




190 

°C(MAX) 


Thermal Resistance 

Junction to Ambient 

K Package 

35 



°C/W 


(No Heatsink) 

T Package 

50 



°C/W 


| Note 1: Unless otherwise specified, these specifications apply: -55°C ^ Tj ^ + 150°C for the LM133; and -40°C £ Tj + 125°C for the LM333; |V|n - VqutI = 


5V; and Iqut - 0.5A. Although power dissipation is internally limited, these specifications are applicable for power dissipations up to 30W. 



Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are 

covered under the specification for thermal regulation. Load regulation is measured on the output pin at a point 1/8" below the base of the TO-3 package. 


Note 3: Testing limits are guaranteed and 100% tested in production. 






Note 4: Design limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to 

calculate outgoing quality levels. 

Note 5: Specifcations in boldface apply over the full rated temperature range. 






Note 6: The output capability of the LM333 is guaranteed at 3A in the range of 3V £ |V|n - VqutI ^ 10V. At voltages above 10V, the available output current 

decreases, but in the range 10V ^ |V|N - VoutI £ 15V, the available current is 30W 

- |V|n - VqutI. At voltages higher than 15V, refer to graphs for actual 

guaranteed output current available. 
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LM133/LM333 




LM133/LM333 


Guaranteed Performance Characteristics 


LM133 Guaranteed Output Current 

4.0 | 


« 3.0 


2.0 


li 



YPIC 

AL 25 

°c 




A 

* 






N 


■ 







s 







■ 

_ 



\ 

sT 

* 

n 







j£ 

-g 


MINIMUM 


777TT\\ 


5V 10V 15V 20V 25 V 30 V 35 V 

(3.0A) (3.0A) (2.0A) (1.25A) (0.7A) (0.3A) (0.15A) 
TESTED TESTED TESTED TESTED TESTED 
(Vin-Vout) 


LM333 Guaranteed Output Current 

4.0 


2.0 


1.0 



i 



jgg 


m 



i 

■ 

A 


■ 


■ 



■ 

N 


■ 





■ 

V 

a 




■ 

■ 

m 



■ 



■ 

■ 

M 

■ 


s 



■ 


MR 


■ 


h 



m 


51 


7~T 


5V 10V 15V 20V 25V 30V 35V 

(3.0A) (3.0A) (2.0A) (1.0A) (0.4A) (0.2A) (0.08A) 

TESTED TESTED TESTED TESTED TESTED 

(Vin-Vout) 


TL/H/9065-4 


TL/H/9065-5 


Typical Applications (Continued) 

-5.2V Regulator with Electronic Shutdown* 

TTL 



Negative Regulator with Protection Diodes 



*When Cl is larger than 20 ju.F, D1 protects the 
LM133 in case the input supply is shorted. 
**When C2 is larger than 10 ju,F and -Vout is 
larger than -25V, D2 protect the LM133 in 
case the output is shorted. 

**ln case Vout is shorted to a positive supply, 
D3 protects the LM133 from overvoltage, and 
protects the load from reversed voltage. 
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Typical Applications (Continued) 

THERMAL REGULATION 

When power is dissipated in an 1C, a temperature gradient 
occurs across the 1C chip affecting the individual 1C circuit 
components. With an 1C regulator, this gradient can be es- 
pecially severe since the power dissipation is large. Thermal 
regulation is the effect of these temperature gradients on 
output voltage (in percentage output change) per watt of 
power change in a specified time. Thermal regulation error 
is independent of electrical regulation or temperature coeffi- 
cient, and occurs within 5 ms to 50 ms after a change in 
power dissipation. Thermal regulation depends on 1C layout 
as well as electrical design. The thermal regulation of a volt- 
age regulator is defined as the percentage change of Vqut. 


per watt, within the first 10 rms after a step of power is 
applied. The LM133’s specification is 0.01 %/W, max. 

In Figure 1, a typical LM133’s output drifts only 2 mV (or 
0.02% of Vout = -10V) when a 20W pulse is applied for 
10 ms. This performance is thus well inside the specification 
limit of 0.01 %/Wx20W = 0.2% max. When the 20W pulse 
is ended, the thermal regulation again shows a 2 mV step as 
the LM133 chip cools off. Note that the load regulation error 
of about 1 mV (0.01 %) is additional to the thermal regulation 
error. In Figure 2, when the 20W pulse is applied for 100 ms, 
the output drifts only slightly beyond the drift in the first 10 
ms, and the thermal error stays well within 0.1% (10 mV). 
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LM137/LM337 


National 
Semiconductor 
Corporation 

LM137/LM337 3-Terminal Adjustable Negative Regulators 

General Description 

The LM137/LM337 are adjustable 3-terminal negative volt- 
age regulators capable of supplying in excess of -1.5A 
over an output voltage range of -1.2V to -37V. These 
regulators are exceptionally easy to apply, requiring only 2 
external resistors to set the output voltage and 1 output 
capacitor for frequency compensation. The circuit design 
has been optimized for excellent regulation and low thermal 
transients. Further, the LM137 series features internal cur- 
rent limiting, thermal shutdown and safe-area compensa- 
tion, making them virtually blowout-proof against overloads. 

The LM137/LM337 serve a wide variety of applications in- 
cluding local on-card regulation, programmable-output volt- 
age regulation or precision current regulation. The LM137/ 

LM337 are ideal complements to the LM1 1 7/LM31 7 adjust- 
able positive regulators. 

Features 

■ Output voltage adjustable from -1.2V to -37V 

■ 1.5A output current guaranteed, — 55°C to +150°C 

■ Line regulation typically 0.01 %/V 

■ Load regulation typically 0.3% 

■ Excellent thermal regulation, 0.002%/W 


Typical Applications 


Adjustable Negative Voltage Regulator 



TL/H/9067-1 

Full output current not available at high input-output voltages 
-Vout= - 1 - 25V ( 1 + ^) + (-'ADjXRz) 

TCI = 1 /xF solid tantalum or 10 /xF aluminum electrolytic required for stability 

*C2 = 1 ju.F solid tantalum is required only if regulator is more than 4" from power-supply filter capacitor 

Output capacitors in the range of 1 jxF to 1000 juF of aluminum or tantalum electrolytic are commonly used to provide improved 

output impedance and rejection of transients 


■ 77 dB ripple rejection 

■ Excellent rejection of thermal transients 

■ 50 ppm/°C temperature coefficient 

■ Temperature-independent current limit 

■ Internal thermal overload protection 

■ 100% electrical burn-in 

■ Standard 3-lead transistor package 

■ Output is short circuit protected 


LM137 Series Packages and Power Capability 


Device 

Package 

Rated 

Power 

Dissipation 

Design 

Load 

Current 

LM1 37/337 

TO-3 

20W 

1.5A 


TO-39 

2W 

0.5A 

LM337T 

TO-220 

15W 

1.5A 

LM337M 

TO-202 

7.5W 

0.5A 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 4) 

Power Dissipation Internally Limited 

Input-Output Voltage Differential 40V 

Operating Junction Temperature Range 
LM137 — 55°C to +150°C 

LM337 0°C to + 125°C 


Electrical Characteristics (Note i> 


Parameter 

Conditions 

LM137 

LM337 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Line Regulation 

Tj = 25°C, 3V <: |V (N - VoutI ^ 40V 
(Note 2) l|_ = 10 mA 


0.01 

0.02 


0.01 

0.04 

%/V 

Load Regulation 

Tj = 25°C, 10 mA ^ Iqut ^ •max 


0.3 

0.5 


0.3 

1.0 

% 

Thermal Regulation 

Tj = 25°C, 10 ms Pulse 


0.002 

0.02 


0.003 

0.04 

%/w 

Adjustment Pin Current 



65 

100 


65 

100 

fxA 

Adjustment Pin Current Charge 

10 mA ^ II ^ Imax 

3.ov <; |V| N - VqutI * 40V, 

T a = 25°C 


2 

5 


2 

5 

jaA 

Reference Voltage 

Tj = 25°C (Note 3) 

-1.225 

-1.250 

-1.275 

-1.213 

-1.250 

-1.287 

V 


3V <; |V| N - VqutI ^ 40V, (Note 3) 

10 mA ^ Iqut ^ Imax. p ^ p max 

-1.200 

-1.250 

-1.300 

-1.200 

-1.250 

-1.300 

V 

Line Regulation 

3V <; |V| N - VqutI ^ 40V, (Note 2) 


0.02 

0.05 


0.02 

0.07 

%/V 

Load Regulation 

10 mA ^ Iout ^ Imax. (Note 2) 


0.3 

1 


0.3 

1.5 

% 

Temperature Stability 

Tmin ^ T j ^ Tmax 


0.6 



0.6 


% 

Minimum Load Current 

|V|N ” VoutI ^ 40V 


2.5 

5 


2.5 

10 

mA 


|Vin ~ VoutI ^ i° v 


1.2 

3 


1.5 

6 

mA 

Current Limit 

|Vin - VqutI ^ 15V 

K and T Package 

1.5 

2.2 

3.5 

1.5 

2.2 

3.7 

A 


H and P Package 

|V| N - VoutI = 40V, Tj = 25°C 

0.5 

0.8 

1.8 

0.5 

0.8 

1.9 

A 


K and T Package 

0.24 

0.4 


0.15 

0.4 


A 


H and P Package 

0.15 

0.17 


0.10 

0.17 


A 

RMS Output Noise, % of Vout 

Tj = 25°C, 10 Hz ^ f ^ 10 kHz 


0.003 



0.003 


% 

Ripple Rejection Ratio 

Vout = -iov,f = 120 Hz 


60 



60 


dB 


Cadj = 10 jllF 

66 

77 


66 

77 


dB 

Long-Term Stability 

Tj = 1 25°C, 1000 Hours 


0.3 

1 


0.3 

1 

% 

Thermal Resistance, 

H Package 


12 

15 


12 

15 

°C/W 

Junction to Case 

K Package 


2.3 

3 


2.3 

3 

°c/w 


T Package 





4 


°c/w 


P Package 





7 


°c/w 

Thermal Resistance, 

H Package 


140 



140 


°c/w 

Junction to Ambient 

K Package 


35 



35 


°c/w 

(No Heat Sink) 

T Package 





50 


°c/w 


P Package 





80 


°c/w 


Note 1: Unless otherwise specified, these specifications apply -55°C ^ Tj ^ +150°Cforthe LM137, 0°C £ Tj ^ + 125°Cforthe LM337; V|n - Vqut = 5V; and 
*OUT = 0.1 A for the TO-39 and TO-202 packages and Iout = °- 5A tor the TO-3 and T 0-220 packages. Although power dissipation is internally limited, these 
specifications are applicable for power dissipations of 2W for the TO-39 and TO-202 and 20W for the TO-3 and TO-220. Imax is 1 - 5A tor the TO-3 and TO-220 
packages, and 0.5A for the TO-202 package and 0.2A for the TO-39 package. 

Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are 
covered under the specification for thermal regulation. Load regulation is measured on the output pin at a point %" below the base of the TO-3 and TO-39 
packages. 

Note 3: Selected devices with tightened tolerance reference voltage available. 

Note 4: Refer to RETS137H drawing for LM137H or RETS137K drawing for LM137K military specifications. 


Storage T emperature — 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 300°C 

Plastic Package (Soldering, 4 sec.) 260°C 

ESD Rating 2k Volts 

Preconditioning 

Burn-In in Thermal Limit 100% All Devices 
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LM137/LM337 






LM137/LM337 


Schematic Diagram 



When power is dissipated in an 1C, a temperature gradient 
occurs across the 1C chip affecting the individual 1C circuit 
components. With an 1C regulator, this gradient can be es- 
pecially severe since power dissipation is large. Thermal 
regulation is the effect of these temperature gradients on 
output voltage (in percentage output change) per Watt of 
power change in a specified time. Thermal regulation error 
is independent of electrical regulation or temperature coeffi- 
cient, and occurs within 5 ms to 50 ms after a change in 
power dissipation. Thermal regulation depends on 1C layout 
as well as electrical design. The thermal regulation of a volt- 
age regulator is defined as the percentage change of Vqut. 
per Watt, within the first 10 ms after a step of power is 
applied. The LM137’s specification is 0.02%/W, max. 



1 0 ms |<*- 


LM137, Vout = -10V 
V| N - V 0 UT = -40V 
l|L = 0A -* 0.25A 0A 
Vertical sensitivity, 5 mV/div 

FIGURE 1 


TL/H/9067-3 


In Figure /, a typical LM137’s output drifts only 3 mV (or 
0.03% of Vqut = "10V) when a 10W pulse is applied for 
10 ms. This performance is thus well inside the specification 
limit of 0.02%/W x 10W = 0.2% max. When the 10W 
pulse is ended, the thermal regulation again shows a 3 mV 
step at the LM137 chip cools off. Note that the load regula- 
tion error of about 8 mV (0.08%) is additional to the thermal 
regulation error. In Figure 2 , when the 10W pulse is applied 
for 1 00 ms, the output drifts only slightly beyond the drift in 
the first 10 ms, and the thermal error stays well within 0.1% 
(10 mV). 

































c 

























£ 

























|-» 100 ms 


LM137, V 0 UT = -10V 
V|N - Vqut = -40V 
l L = 0A — ► 0.25A — ► 0A 
Horizontal sensitivity, 20 ms/div 

FIGURE 2 


TL/H/9067-4 
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Connection Diagrams 


TO-3 

Metal Can Package 


TO-39 

Metal Can Package 


ADJUSTMENT /O 



Bottom View 

Order Number LM137K STEEL or LM337K STEEL 
See NS Package Number K02A 


Case Is Input 

Bottom View 

Order Number LM137H or LM337H 
See NS Package Number H03B 


TO-220 

Plastic Package 


TO-202 

Plastic Package 




Order Number LM337T 
See NS Package Number T03B 


Order Number LM337MP 
See NS Package Number P03A 


LM137/LM337 





Typical Applications (Continued) 

Adjustable Lab Voltage Regulator - 5.2V Regulator with Electronic Shutdown* 



CONTROL 




Negative Regulator with Protection Diodes 



TL/H/9067-13 

’When Cl is larger than 20 juF, D1 protects the LM137 in case the input 
supply is shorted 

’’When C2 is larger than 10 jaF and -Vqut is larger than -25 V, D2 pro- 
tects the LM137 in case the output is shorted 


Adjustable Current Regulator 



High Stability -10V Regulator 





Typical Performance Characteristics (K Steel and T Packages) 




TEMPERATURE CC) 


INPUT-OUTPUT DIFFERENTIAL (V) 


TEMPERATURE TCI 


Dropout Voltage 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE ( C) 


Temperature Stability 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 



0 10 20 30 40 

INPUT-OUTPUT DIFFERENTIAL (V) 



0 -10 -20 -30 -40 



OUTPUT VOLTAGE (V) 


FREQUENCY (Hz) 


OUTPUT CURRENT (A) 



FREQUENCY (Hz) 


Line Transient Response 



Load Transient Response 



TL/H/9067-15 
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LM137HV/LM337HV 



National 

Semiconductor 

Corporation 


LM137HV/LM337HV 3-Terminal Adjustable Negative 
Regulators (High Voltage) 


General Description 

The LM137HV/LM337HV are adjustable 3-terminal nega- 
tive voltage regulators capable of supplying in excess of 
-1.5A over an output voltage range of -1.2V to -47 V. 
These regulators are exceptionally easy to apply, requiring 
only 2 external resistors to set the output voltage and 1 
output capacitor for frequency compensation. The circuit 
design has been optimized for excellent regulation and low 
thermal transients. Further, the LM137HV series features 
internal current limiting, thermal shutdown and safe-area 
compensation, making them virtually blowout-proof against 
overloads. 

The LM137HV/LM337HV serve a wide variety of applica- 
tions including local on-card regulation, programmable-out- 
put voltage regulation or precision current regulation. The 
LM1 37HV/LM337HV are ideal complements to the 
LM117HV/LM317HV adjustable positive regulators. 


Features 

■ Output voltage adjustable from -1.2V to -47V 

■ 1 .5A output current guaranteed, -55°C to +150°C 

■ Line regulation typically 0.01 %/V 

■ Load regulation typically 0.3% 

■ Excellent thermal regulation, 0.002%/W 

■ 77 dB ripple rejection 

■ Excellent rejection of thermal transients 

■ 50 ppm/°C temperature coefficient 

■ Temperature-independent current limit 

■ Internal thermal overload protection 

■ 100% electrical burn-in 

■ Standard 3-lead transistor package 

■ Output short circuit protected 


Typical Applications 


Adjustable Negative Voltage Regulator 



TL/H/9066-1 


-V0UT= -1-25V (l + + [ — 'Adi (R2) ] 

tCI = 1 ju.F solid tantalum or 10 p.F aluminum electrolytic 
required for stability. Output capacitors in the 
range of 1 fiF to 1000 p,F of aluminum or tantalum 
electrolytic are commonly used to provide im- 
proved output impedance and rejection of tran- 
sients. 

*C2 = 1 (liF solid tantalum is required only if regulator is 
more than 4" from power-supply filter capacitor. 
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Absolute Maximum Ratings 








If Military/ Aerospace specified devices are required, Storage Temperature 


— 65°C to + 1 50°C 

contact the National Semiconductor Sales Office/ Lead Temperature (Soldering, 10 sec.] 


300° I 

Distributors for availability and specifications. r- or ^ .. . . . , . . 

(Note 3) ESD rating is to be determined. 




Power Dissipation 

internally limited Preconditioning 





Input-Output Voltage Differential 50V Burn _ |n jn Thermal Limit 


100% All Devices 1 

Operating Junction Temperature Range 








LM137HV 

— 55°C to + 1 50°C 








LM337HV 

0°C to + 125°C 








Electrical Characteristics (Notei) 








Parameter 


LM137HV 

LM337HV 


Conditions 







Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Line Regulation 

Tj = 25°C, 3V 2 |V| N -VoutI ^ 50V, 
(Note 2) II = 10 mA 


0.01 

0.02 


0.01 

0.04 

%/V 

Load Regulation 

Tj = 25°C, 10 mA ^ Iqut ^ ImAX 


0.3 

0.5 


0.3 

1.0 

% 

Thermal Regulation 

Tj = 25°C, 10 ms Pulse 


0.002 

0.02 



MSS 

%/w 

Adjustment Pin Current 



65 

100 




jaA 

Adjustment Pin Current Change 

X 

< 

j> 

VI 

__j 

VI 

< 

E 

o 


2 

5 

MM 

B 

B 

juA 


3.0V S |V| N -VoutI Si 50V, 

Tj = 25° 


4 

6 

■ 

H 

■ 

juA 

Reference Voltage 

Tj = 25°C, (Note 3) 

-1.225 

-1.250 

-1.275 

-1.213 

-1.250 

-1.287 

V 


3V <; |V| N -V 0 utI £ 50V, (Note 3) 

10 mA ^ Iqut ^ <MAX. P^ Pmax 

-1.200 

-1.250 

-1.300 

-1.200 

-1.250 

-1.300 

V 

Line Regulation 

3V ^ |V| N -V 0 utI ^ 50V, (Note 2) 
l L = 10 mA 


0.02 

0.05 


0.02 

0.07 

%/V 

Load Regulation 

10 mA ^ Iqut ^ Imax. (Note 2) 


0.3 

1 


0.3 

1.5 

% 

Temperature Stability 

TmIN ^ Tj ^ Tmax 


0.6 



0.6 


% 

Minimum Load Current 

|V|N“VoutI ^ 50V 


2.5 

5 


2.5 

10 

mA 


|V|N“VoutI ^ 10V 


1.2 

3 


1.5 

6 

mA 

Current Limit 

|V|N“VoutI ^ 13V 

K Package 

1.5 

2.2 

3.2 

1.5 

2.2 

3.5 

A 


H Package 

0.5 

0.8 

1.6 

0.5 

0.8 

1.8 

A 


|V|N“VoutI = 50V 

K Package 

0.2 

0.4 

0.8 

0.1 

0.4 

0.8 

A 


H Package 

0.1 

0.17 

0.5 

0.050 

0.17 

0.5 

A 

RMS Output Noise, % of Vout 

Tj = 25°C, 10 Hz ^ f ^ 10 kHz 







% 

Ripple Rejection Ratio 

Vqut = -iov,f = 120 Hz 



wmm 


K;58i 

MM 

dB 


C ADJ = IO^xF 

66 

■ 

1 


■ 

• 

dB 

Long-Term Stability 

T a = 125°C, 1000 Hours 



i 



i 

% 

Thermal Resistance, Junction 

H Package 


H9 





°C/W 

to Case 

K Package 




BSP 



°c/w 

Thermal Resistance 

H Package 


140 

mb 

■ 



°c/w 


K Package 


35 





°c/w 

Note 1: Unless otherwise specified, these specifications apply: -55°C £ Tj £ +150°C for the LM137HV, 0°C ^ Tj £ + 125°C for the LM337HV; Vin-Vqut = 

5V; and Iqut = 0.1 A for the TO-39 package and Iqut = 0.5A for the TO-3 package. Although power dissipation is internally limited, these specifications are 

applicable for power dissipations of 2W for the TO-39 and 20W for the TO-3. Imax is 1 -5A for the TO-3 package and 0.2A for the TO-39 package. 


Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are 
covered under the specification for thermal regulations. Load regulation is measured on the output pin at a point y 8 " below the base of the TO-3 and TO-39 

packages. 









Note 3: Refer to RETS237HVH drawing for LM137HVH or RETS137HVK for LM137HVK military specifications. 
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Thermal Regulation 

When power is dissipated in an 1C, a temperature gradient 
occurs across the 1C chip affecting the individual 1C circuit 
components. With an 1C regulator, this gradient can be es- 
pecially severe since power dissipation is large. Thermal 
regulation is the effect of these temperature gradients on 
output voltage (in percentage output change) per Watt of 
power change in a specified time. Thermal regulation error 
is independent of electrical regulation or temperature coeffi- 
cient, and occurs within 5 ms to 50 ms after a change in 
power dissipation. Thermal regulation depends on 1C layout 
as well as electrical design. The thermal regulation of a volt- 
age regulator is defined as the percentage change of Vqut> 
per Watt, within the first 10 ms after a step of power is 
applied. The LM137HV’s specification is 0.02%/W, max. 


In Figure 1, a typical LM137HV’s output drifts only 3 mV (or 
0.03% of Vout = -10V) when a 10W pulse is applied for 
1 0 ms. This performance is thus well inside the specification 
limit of 0.02%/W x 10W = 0.2% max. When the 10W pulse 
is ended, the thermal regulation again shows a 3 mV step as 
the LM137HV chip cools off. Note that the load regulation 
error of about 8 mV (0.08%) is additional to the thermal 
regulation error. In Figure 2, when the 10W pulse is applied 
for 100 ms, the output drifts only slightly beyond the drift in 
the first 10 ms, and the thermal error stays well within 0.1 % 
(10 mV). 
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TL/H/9066-3 

LM137HV, V 0 UT = -10V 
v IN - VouT = -40V 
l L = 0A — > 0.25A — > 0A 
Vertical sensitivity, 5 mV/div 

FIGURE 1 



LM137HV, V 0 UT = -10V 
v IN~ v OUT = -40V 
l L = 0A -> 0.25A — ► 0A 
Horizontal sensitivity, 20 ms/div 

FIGURE 2 


Connection Diagram (See Physical Dimensions section for further information) 


TO-3 

Metal Can Package 



TL/H/9066-5 


Order Number LM137HVK Steel or LM337HVK Steel 
See NS Package Number K02A 


TO-39 

Metal Can Package 



ADJUSTMENT 


TL/H/9066-6 


Bottom View 

Order Number LM137HVH or LML337HVH 
See NS Package Number H03B 



1-109 


LM137HV/LM337HV 




Typical Applications (Continued) 


Adjustable High Voltage Regulator 



TL/H/9066-7 


Full output current not available 
at high input-output voltages 

*The 1 0 p,F capacitors are optional to improve ripple rejection 


Current Regulator 



'OUT 


TL/H/9066-8 


Adjustable Current Regulator 



±15% adjustable 


TL/H/9066-9 


Negative Regulator with Protection Diodes High Stability -40V Regulator 




*When Cl is larger than 20 jxF, D1 protects the 
LM137HV in case the input supply is shorted 
**When C2 is larger than 10 p,F and - Vqut is larger than 
-25V, D2 protects the LM137HV is case the output is 
shorted 




Typical Performance Characteristics <h and k -steel package) 



TEMPERATURE (°C) 


INPUT-OUTPUT DIFFERENTIAL (V) 


TEMPERATURE (°C) 



TEMPERATURE (°C) 


Temperature Stability 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 



0 10 20 30 40 50 

INPUT-OUTPUT DIFFERENTIAL (V) 


Ripple Rejection 



0 -10 -20 -30 -40 


OUTPUT VOLTAGE (V) 


Ripple Rejection 



10 100 Ik 10k 100k 1M 


FREQUENCY (Hz) 


Ripple Rejection 





C ADJ = 

fT 

10a 

IT 

F- 




I 











|| 

I 






iif DJ 

= 0 





1 

V| 

_V| 

IN 

DU 

IT = 

15V 1 

-10V J 



I 



I 

f = 120 Hz 

Tj = 25“C 
— L-LUI1III 






1 


0.01 0.1 1 10 
OUTPUT CURRENT (A) 


10 1 

§ 10 ° 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Output Impedance 


: V IN = 

7°% 

-15V 

= ■ 




— 

— 

— 

eC L = 1a 
:T j = 25 

F 

°C 

= 

HP 


=Pj 

= c A0J 

5 

HP 



— 

3 

; C AD.T 

i 


Line Transient Response 



Load Transient Response 



TIME U) 

TL/H/9066-12 
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Corporation 


LM138/LM338 5 Amp Adjustable Power Regulators 


General Description 

The LM138/LM338 are adjustable 3-terminal positive volt- 
age regulators capable of supplying in excess of 5A over a 
1.2V to 32 V output range. They are exceptionally easy to 
use and require only 2 resistors to set the output voltage. 
Careful circuit design has resulted in outstanding load and 
line regulation— comparable to many commercial power 
supplies. The LM138 family is supplied in a standard 3-lead 
transistor package. 

A unique feature of the LM138 family is time-dependent cur- 
rent limiting. The current limit circuitry allows peak currents 
of up to 1 2A to be drawn from the regulator for short periods 
of time. This allows the LM138 to be used with heavy tran- 
sient loads and speeds start-up under full-load conditions. 
Under sustained loading conditions, the current limit de- 
creases to a safe value protecting the regulator. Also includ- 
ed on the chip are thermal overload protection and safe 
area protection for the power transistor. Overload protection 
remains functional even if the adjustment pin is accidentally 
disconnected. 

Normally, no capacitors are needed unless the device is 
situated more than 6 inches from the input filter capacitors 
in which case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. The 
adjustment terminal can be bypassed to achieve very high 
ripple rejections ratios which are difficult to achieve with 
standard 3-terminal regulators. 


Besides replacing fixed regulators or discrete designs, the 
LM1 38 is useful in a wide variety of other applications. Since 
the regulator is “floating” and sees only the input-to-output 
differential voltage, supplies of several hundred volts can be 
regulated as long as the maximum input to output differen- 
tial is not exceeded, i.e., do not short-circuit output to 
ground. 

The LM138/LM338 are packaged in standard steel TO-3 
transistor packages. The LM138 is rated for operation from 
— 55°C to + 150°C, and the LM338 from 0°C to + 125°C. 

Features 

■ Guaranteed 7A peak output current 

■ Guaranteed 5A output current 

■ Adjustable output down to 1 .2V 

■ Line regulation typically 0.005% /V 

■ Load regulation typically 0.1% 

■ Guaranteed thermal regulation 

■ Current limit constant with temperature 

■ 100% electrical burn-in in thermal limit 

■ Standard 3-lead transistor package 

■ Output is short-circuit protected 


Typical Applications 

1.2V-25V Adjustable Regulator 


LM338 



Full output current not available 
at high input-output voltages 
t Optional — improves transient response. Out- 
put capacitors in the range of 1 jaF to 1000 jaF 
of aluminum or tantalum electrolytic are com- 
monly used to provide improved output im- 
pedance and rejection of transients. 

* Needed if device is more than 6 inches from 
filter capacitors. 

ttVouT = 1.25V (^1 + + Iadj (^2) 

**R1 - 240ft for LM138. R1, R2 as an assem- 
bly can be ordered from Bourns: 

MIL part no. 7105A-AT2-502 
COMM part no. 7105A-AT7-502 


10A Regulator 

R LM338 



1-112 




Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 4) 

Power Dissipation Internally limited 

Input — Output Voltage Differential 35V 

Operating Junction Temperature Range 
LM138 — 55°C to +150°C 

LM338 0°Cto+125°C 


Storage T emperature - 65°C to + 1 50°C 

Lead Temperature (Soldering, 1 0 seconds) 300°C 

Preconditioning 

Burn-In in Thermal Limit All Devices 100% 

ESD rating to be determined. 


Electrical Characteristics (Notei) 


Parameter 

Conditions 

LM138 

LM338 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Line Regulation 

Tj = 25°C, 3V £ V| N - V 0 UT ^ 35V, 

(Note 2) l L = 10 mA 


0.005 

0.01 


0.005 

0.03 

%/V 

Load Regulation 

Tj = 25°C, 10mA ^ loUT ^ 5 A 


0.1 

0.3 


0.1 

0.5 

% 

Thermal Regulation 

Pulse = 20 ms, Tj = 25°C 


0.002 

0.01 


0.002 

0.02 

%/w 

Adjustment Pin Current 



45 

100 


45 

100 

ju-A 

Adjustment Pin Current Change 

10 mA ^ l L <: 5A, 3V < (V, N - Vqut) ^ 35V 


0.2 

5 


0.2 

5 

jaA 

Reference Voltage 

3V <; (V| N - Vqut) ^ 35V, (Note 3) 

10 mA ^ Iout ^ 5A, P ^ 50W 

1.19 

1.24 

1.29 

1.19 

1.24 

1.29 

V 

Line Regulation 

3V ^ V| N - Vqut ^ 35V, (Note 2), l L = 10 mA 


0.02 

0.04 


0.02 

0.06 

%/V 

Load Regulation 

10 mA <; Iout ^ 5A, (Note 2) 


0.3 

0.6 


0.3 

1.0 

% 

Temperature Stability 

Tmin ^ Tj ^ Tmax 


1 



1 


% 

Minimum Load Current 

V|N - Vqut = 35V 


3.5 

5 


3.5 

10 

mA 

Current Limit 

Vin — Vout ^ iov 









DC 

5.0 

8 


5.0 

8 


A 


0.5 ms Peak 

7 

12 


7 

12 


A 


Vin - Vout ^ 30V 


1 



1 


A 

RMS Output Noise, % of Vout 

Tj = 25°C, lOHz^f < 10 kHz 


0.003 



0.003 


% 

Ripple Rejection Ratio 

Vout = iov,f = 120 Hz 



■ 




dB 


CaDJ = 10 /xF 

60 


■ 




dB 

Long-Term Stability 

Tj = 125°C 


WTM 

1 



1 

% 

Thermal Resistance, Junction to Case 

K Package 



1.0 



1.0 

°C/W 

Thermal Resistance, Junction to Ambient 

K Package 


35 



35 


°C/W 


Note 1: Unless otherwise specified, these specifications apply -55°C ^ Tj £ + 150°C for the LM138, -25°C ^ Tj ^ + 150°C for the LM338, V| N - Vqut = 5V 
and Iout = 2.5A. Although power dissipation is internally limited, these specifications are applicable for power dissipations up to 50W. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects are taken into account separately by thermal 
regulation. 

Note 3: Selected devices with tightened tolerance reference voltage available. 

Note 4: Refer to RETS138K for military specification of LM138K. 


Typical Performance Characteristics 


Current Limit 



Current Limit 



0 10 20 30 40 


INPUT-OUTPUT DIFFERENTIAL (V) 


Current Limit 

14 I 1 IT! Mill TTT 


§ 

rTTTTTT! — TTT 
/-PRELOAD = 0 

fiBff 

Had = 

1 A 

PR 

PR 

1 

EL0AD = 5A] 

mttitt , 

:L0AD = 3A 7 





IT 




V| 

N = 1_0V 




-VQUT 
T C ASE=25 C 

HU 





0.1 1 10 100 
TIME (ms) 


TL/H/9060-4 
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OUTPUT VOLTAGE DEVIATION (%) 


Typical Performance Characteristics (Continued) 
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Application Hints 

In operation, the LM138 develops a nominal 1.25V refer- 
ence voltage, Vref. between the output and adjustment ter- 
minal. The reference voltage is impressed across program 
resistor R1 and, since the voltage is constant, a constant 
current l-| then flows through the output set resistor R2, giv- 
ing an output voltage of 

V OUT = Vref (l + + IADJR2. 


LM338 



Since the 50 /xA current from the adjustment terminal repre- 
sents an error term, the LM138 was designed to minimize 
Iadj ancl make it very constant with line and load changes. 
To do this, all quiescent operating current is returned to the 
output establishing a minimum load current requirement. If 
there is insufficient load on the output, the output will rise. 

External Capacitors 

An input bypass capacitor is recommended. A 0.1 /xF disc 
or 1 jaF solid tantalum on the input is suitable input bypass- 
ing for almost all applications. The device is more sensitive 
to the absence of input bypassiing when adjustment or out- 
put capacitors are used but the above values will eliminate 
the possiblity of problems. 

The adjustment terminal can be bypassed to ground on the 
LM138 to improve ripple rejection. This bypass capacitor 
prevents ripple from being amplified as the output voltage is 
increased. With a 10 juF bypass capacitor 75 dB ripple re- 
jection is obtainable at any output level. Increases over 
20 juF do not appreciably improve the ripple rejection at 
frequencies above 1 20 Hz. If the bypass capacitor is used, it 
is sometimes necessary to include protection diodes to pre- 
vent the capacitor from discharging through internal low cur- 
rent paths and damaging the device. 

In general, the best type of capacitors to use are solid tanta- 
lum. Solid tantalum capacitors have low impedance even at 
high frequencies. Depending upon capacitor construction, it 
takes about 25 /xF in aluminum electrolytic to equal 1 ju,F 
solid tantalum at high frequencies. Ceramic capacitors are 
also good at high frequencies; but some types have a large 
decrease in capacitance at frequencies around 0.5 MHz. 
For this reason, 0.01 /xF disc may seem to work better than 
a 0.1 /xF disc as a bypass. 

Although the LM138 is stable with no output capacitors, like 
any feedback circuit, certain values of external capacitance 
can cause excessive ringing. This occurs with values be- 
tween 500 pF and 5000 pF. A 1 /xF solid tantalum (or 25 jaF 
aluminum electrolytic) on the output swamps this effect and 
insures stability. 


Load Regulation 

The LM138 is capable of providing extremely good load reg- 
ulation but a few precautions are needed to obtain maxi- 
mum performance. The current set resistor connected be- 
tween the adjustment terminal and the output terminal (usu- 
ally 240(1) should be tied directly to the output of the regula- 
tor (case) rather than near the load. This eliminates line 
drops from appearing effectively in series with the reference 
and degrading regulation. For example, a 15V regulator with 
0.05(1 resistance between the regulator and load will have a 
load regulation due to line resistance of 0.05(1 X l|_. If the 
set resistor is connected near the load the effective line 
resistance will be 0.05(1 (1 4- R2/R1) or in this case, 11.5 
times worse. 

Figure 2 shows the effect of resistance between the regula- 
tor and 240(1 set resistor. 


LM338 



FIGURE 2. Regulator with Line 
Resistance in Output Lead 


With the TO-3 package, it is easy to minimize the resistance 
from the case to the set resistor, by using 2 separate leads 
to the case. The ground of R2 can be returned near the 
ground of the load to provide remote ground sensing and 
improve load regulation. 

Protection Diodes 

When external capacitors are used with any 1C regulator it is 
sometimes necessary to add protection diodes to prevent 
the capacitors from discharging through low current points 
into the regulator. Most 20 jaF capacitors have low enough 
internal series resistance to deliver 20A spikes when short- 
ed. Although the surge is short, there is enough energy to 
damage parts of the 1C. 

When an output capacitor is connected to a regulator and 
the input is shorted, the output capacitor will discharge into 
the output of the regulator. The discharge current depends 
on the value of the capacitor, the output voltage of the regu- 
lator, and the rate of decrease of Vin- In the LM138 this 
discharge path is through a large junction that is able to 
sustain 25A surge with no problem. This is not true of other 
types of positive regulators. For output capacitors of 100 /xF 
or less at output of 15V or less, there is no need to use 
diodes. 

The bypass capacitor on the adjustment terminal can dis- 
charge through a low current junction. Discharge occurs 
when either the input or output is shorted. Internal to the 
LM138 is a 50(1 resistor which limits the peak discharge 
current. No protection is needed for output voltages of 25V 
or less and 10 /xF capacitance. Figure 3 shows an LM138 
with protection diodes included for use with outputs greater 
than 25V and high values of output capacitance. 
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Application Hints (Continued) 


D1 

1N4002 



TL/H/9060-8 

D1 protects against Cl 
D2 protects against C2 


v OUT = 1-25V ^ + IadjR2 

*R1 = 240ft for LM138 and LM238 

FIGURE 3. Regulator with Protection Diodes 

Typical Applications (Continued) 

Regulator and Voltage Reference Temperature Controller 


LM338 



Light Controller 

LM338 



TL/H/9060-1 1 
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Typical Applications (Continued) 


Precision Power Regulator with Low Temperature Coefficient 

LM338 

V,m IN OUT ♦ - ■ ■ ■ » ■ «+-■ V 0U T ^4V 

ADJ I I 



OUTPIJT I 
ADJUST ■=■ 


’Adjust for 3.75 across R1 


Slow Turn-On 15V Regulator 

LM338 


V|N " I V IN A0J V ° UT j 


Adjustable Regulator with Improved Ripple Rejection 

LM338 



*R1 = 240ft for LM138 


tSolid tantalum 

’Discharges Cl if output is shorted to ground 
”R1 = 240ft for LM138 


High Stability 10V Regulator 

LM338 

V IN v 0UT — • • 

ADJ T I 


Digitally Selected Outputs 

LM338 

V IN v 0UT 

ADJ 


£ Hi 


< 2k 


< 5% 

1 < 

► R2 

^ 1 

r* r t 


’Sets maximum Vqut 
”R1 = 240ft for LM138 




Typical Applications (Continued) 


15A Regulator 

LM338 R5 



5V Logic Regulator with Electronic Shutdown* ** 


LM338 



* ’Minimum output ~ 1.2V 


0 to 22V Regulator 


LM338 



*R1 = 240ft, R2 = 5k for LM138 

Full output current not available 
at high input-output voltages 


TL/H/9060-19 
















Typical Applications (Continued) 


Adjusting Multiple On-Card Regulators with Single Control* 

LM338 



*AII outputs within ± 100 mV 


TL/H/9060-25 



Simple 12V Battery Charger 



*Rs — sets output impedance of charger Zqut = Rs ^1 + — J 

Use of Rs allows low charging rates with fully charged battery. 
*The 1000 ixF is recommended to filter out input transients 


TL/H/9060-28 
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Typical Applications (Continued) 

Adjustable 15A Regulator 


V|N 



TL/H/9060-26 


Current Limited 6V Charger 


LM338 



*Set max charge current to 3A 

**The 1000 jaF is recommended to filter out input transients. 


Connection Diagram (See Physical Dimension section for further information) 

Metal Can Package 



Order Number LM138K STEEL or LM338K STEEL 
See NS Package Number K02A 
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LM140A/LM140/LM340A/LM340 Series 
3-Terminal Positive Regulators 


General Description 

The LM140A/LM140/LM340A/LM340 series of positive 3- 
terminal voltage regulators are designed to provide superior 
performance as compared to the previously available 78XX 
series regulator. Computer programs were used to optimize 
the electrical and thermal performance of the packaged 1C 
which results in outstanding ripple rejection, superior line 
and load regulation in high power applications (over 15W). 
With these advances in design, the LM340 is now guaran- 
teed to have line and load regulation that is a factor of 2 
better than previously available devices. Also, all parame- 
ters are guaranteed at 1 A vs 0.5A output current. The 
LM140A/LM340A provide tighter output voltage tolerance, 
±2% along with 0.01 %/V line regulation and 0.3%/A load 
regulation. 

Current limiting is included to limit peak output current to a 
safe value. Safe area protection for the output transistor is 
provided to limit internal power dissipation. If internal power 
dissipation becomes too high for the heat sinking provided, 
the thermal shutdown circuit takes over limiting die tempera- 
ture. 

Considerable effort was expended to make the LM140-XX 
series of regulators easy to use and minimize the number of 
external components. It is not necessary to bypass the out- 
put, although this does improve transient response. Input 
bypassing is needed only if the regulator is located far from 
the filter capacitor of the power supply. 

Although designed primarily as fixed voltage regulators, 
these devices can be used with external components to ob- 
tain adjustable voltages and currents. 

The entire LM140A/LM140/LM340A/LM340 series of regu- 
lators is available in the metal TO-3 power package and the 


LM340A/LM340 series is also available in the TO-220 plas- 
tic power package. 

For output voltages other than 5V, 1 2V, and 1 5V, the LM1 1 7 
series provides an output voltage range from +1.2V to 
+ 57V. 

Features 

■ Complete specifications at 1A load 

■ Output voltage tolerances of ±2% at Tj = 25°C and 
±4% over the temperature range (LM140A/LM340A) 

■ Fixed output voltages available 5, 12, and 15V 

■ Line regulation of 0.01% of Vqut/V AVin at 1A load 
(LM 1 40A/LM340A) 

a Load regulation of 0.3% of Vqut/a AIload 
(LM1 40A/LM340A) 

b Internal thermal overload protection 
a Internal short-circuit current limit 
b Output transistor safe area protection 
a 100% thermal limit burn-in 

b Special circuitry allows start-up even if output is pulled 
to negative voltage ( + supplies) 


LM140 Series Package and Power Capability 


Device 

Package 

Rated 

Power 

Dissipation 

Design 

Output 

Current 

LM140 

LM340 

TO-3 

20W 

1.5A 

LM340T 

TO-220 

15W 

1.5A 


Typical Applications 

Fixed Output Regulator 



‘Required if the regulator is located far from the 
power supply filter. 

“Although no output capacitor is needed for sta- 
bility, it does help transient response. (If need- 
ed, use 0.1 ju.F, ceramic disc). 


Adjustable Output Regulator 



TL/H/7781-2 

VoUT = 5V + (5V/R1 + Iq) R2 5V/R1 > 3 Iq, 
load regulation (L r ) = [(R1 + R2)/R1] (L r of 
LM340-5). 


Current Regulator 



I - V2 ‘ 3 4- I 

'out - - 57 - + Iq 


AIq = 1.3 mA over line and load changes. 


1-123 


LM 1 40A/LM 1 40/LM340A/LM340 




LM 1 40A/LM 1 40/LM340A/LM340 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 3) 


Input Voltage (V 0 = 5V, 12V, 15V) 
Internal Power Dissipation (Note 1) 
Operating Temperature Range (T A ) 
LM140A/LM140 
LM340A/LM340 


35V 

Internally Limited 

— 55°C to +125°C 
0°C to + 70°C 


Maximum Junction Temperature 
(TO-3 Package K, KC) 

(TO-220 Package T) 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 
TO-3 Package K, KC 
TO-220 Package T 


150°C 

150°C 

— 65°Cto + 1 50°C 


300°C 

230°C 


Electrical Characteristics LMi 40 A/LM 340 A(Note 2 > 

•out = 1 A, — 55°C £ Tj ^ + 1 50°C (LM140A), or 0°C ^ Tj ^ + 125°C (LM340A) unless otherwise specified 



Output Voltage 

5V 

12V 

15V 


Symbol 

Input Voltage (unless otherwise noted) 

10V 

19V 

23V 

Units 


Parameter 

Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 


Vo 

Output Voltage 

Tj = 25°C 

4.9 

5 

5.1 

11.75 

12 

12.25 

14.7 

15 

15.3 

V 



P D <; 15W, 5 mA <; l 0 ^ 1A 

4.8 


5.2 

11.5 


12.5 

14.4 


15.6 

V 



V MIN ^ V ]N £ V MAX 

|(7.5^ V| N ^ 20)| 

rT' 

CM 

VI 

z 

> 

VI 

00 

(17.9 ^ V| N ^ 30) 1 

V 

AV 0 

Line Regulation 

Iq = 500 mA 



10 



18 1 



22 1 

mV 



AV| N 


| (7.5 ^ V| N ^ 20) | 

(14.8 ^ V| N ^ 27)| 

(17.9 <; V| N <; 30) | 

V 



Tj = 25°C 



3 

10 


4 

18 1 


4 

22 1 

mV 



AV, n 


o 

CM 

VI 

z 

> 

VI 

in 

(14.5 ^ V| N <; 27) | 

, (17.5 ^ V| N ^ 30) | 

V 



Tj = 25°C 




4 



9 



10 

mV 



Over Temperature 



12 



30 



30 

mV 



AV, n 


1 (8 <; V, N ^ 12) 1 

(16 ^ V, n ^22) | 

1 (20^V 1N ^26) | 

V 

AV 0 

Load Regulation 

Tj = 25°C 

5 mA ^ Iq ^ 1.5A 


10 

25 


12 

32 


12 

35 

mV 




250 mA ^ Iq ^ 750 mA 



15 



19 



21 

mV 



Over Temperature, 

5 mA < Iq ^ 1 A 

25 

60 

75 

mV 

•q 

Quiescent Current 

Tj = 25°C 




6 



6 



6 

mA 



Over Temperature 



6.5 



6.5 



6.5 

mA 

AIq 

Quiescent Current 

5 mA < Iq ^ 1A 

0.5 

0.5 

0.5 | 

mA 


Change 

Tj = 25°C, l 0 = 1 A 



0.8 



0.8 



0.8 1 

mA 



Vmin ^ V| N ^ Vmax 

|(7.5^ V 1N ^ 20)| 

fTT 

CM 

V 

z 

> 

VI 

GO 

NT 

(17.9 <; V 1N ^ 30) | 

V 



Iq = 500 mA 



0.8 



0.8 



0.8 

mA 



v min ^ V| N ^ Vmax 

(8 <; V| N <; 25) 

(15 ^ V| N <; 30) 

(17.9 ^ V| N ^ 30) 

V 

v n 

Output Noise Voltage 

T a = 25°C, 10 Hz ^ f ^ 100 kHz 

40 

75 

90 

J*V 

AV| N 

Ripple Rejection 

Tj = 25°C, f = 120 Hz, l 0 = 1 A 

68 

80 


61 

72 


60 

70 


dB 

AVout 


orf = 120 Hz, Iq = 500 mA, 

Over Temperature, 

68 



61 



60 



dB 



Vmin ^ V iN ^ v MAX 

| (8£V| N ^18) | 

1 (15 <; V| N ^25) 

|(18.5 <: V| N ^ 28.5)| 

V 

r O 

Dropout Voltage 

Tj = 25°C, Iq = 1A 


2.0 



2.0 



2.0 


V 


Output Resistance 

f = 1 kHz 



8 



18 



19 


mil 


Short-Circuit Current 

Tj = 25°C 



2.1 



1.5 



1.2 


A 


Peak Output Current 

Tj = 25°C 



2.4 



2.4 



2.4 


A 


Average TC of Vq 

Min, Tj = 0°C, l 0 = 5 mA 


-0.6 



-1.5 



-1.8 


mV/°C 

V| N 

Input Voltage 
Required to Maintain 
Line Regulation 

Tj = 25°C 

: 

7.5 

14.5 

17.5 

V 


Note 1: Thermal resistance of the TO-3 package (K, KC) is typically 4°C/W junction to case and 35°C/W case to ambient. Thermal resistance of the TO-220 
package (T) is typically 4°C/W junction to case and 50°C/W case to ambient. 


Note 2: All characteristics are measured with a capacitor across the input of 0.22 jmF and a capacitor across the output of 0.1 /xF. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (t w ^ 10 ms, duty cycle ^ 5%). Output voltage changes due to changes in internal 
temperature must be taken into account separately. 

Note 3: Refer to RETS140A-12K for LM140K-12, RETS140A-15K for LM140K-15, or RETS140A-05K for LM140K-5.0 military drawing specifications. 
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Electrical Characteristics LM1 40 (Note 2) - 55°C ^ Tj ^ +1 50°C unless otherwise specified 



Output Voltage 

5V 

12V 

15V 


Symbol 

Input Voltage (unless otherwise noted) 

10V 

19V 

23V 

Units 


Parameter 

Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

1 T yp 

Max 


Vo 

Output Voltage 

Tj = 25°C, 5 mA ^ l 0 ^ 1A 

4.8 

5 

5.2 

11.5 

12 

12.5 

14.4 

15 

15.6 

V 



P D <; 15W,5mA£ l 0 £ 1A 

4.75 


5.25 

11.4 


12.6 

14.25 


15.75 

V 



V MIN ^ Vin ^ V MAX 

(8 ^ V, N £ 20) 

| (15.5 SV, N S 27)| 

(18.5 £ V| N <; 30) 1 

v 

AV 0 

Line Regulation 

lo = 500 mA 

Tj = 25°C 


3 

50 


4 

120 1 


4 

150 1 

mV 




av 1n 

(7 ^ V| N <; 25) | 

1 (14.5 SV|M<: 30)| 

| (17.5 <; V| N <; 30) | 

V 




— 55°C £ Tj ^ 4- 1 50°C 



50 



120 



150 1 

mV 




AV| N 

(8^V, n ^20) | 

| (15<;v, n <;27) I 

(18.5 £ V )N £ 30) | 

V 



lo^ 1 A 

Tj = 25°C 

1 


50 



120 



150 

mV 




AV| N 

o 

C\l 

VI 

z 

> 

VI 

LO 

1(14.6 £V| N £ 27)1 

| (17.7 <; v, n <;30) I 

V 




— 55°C ^ Tj ^ +150°C 



25 



60 



75 

mV 




AV, n 

| (8 ^ V| N ^ 12) 

| (16 £ V| N <:22) | 

1 (20 £ V| N £ 26) | 

V 

AV 0 

Load Regulation 

Tj = 25°C 

5 mA ^ lo ^ 1.5A 


10 

50 


12 

120 


12 

150 

mV 




250 mA ^ Ip ^ 750 mA 



25 



60 



75 

mV 



— 55°C ^ Tj ^ 

+ 1 50°C, 5 mA < l 0 ^ 1/ 

| 50 

i 120 

150 

mV 

!q 

Quiescent Current 

Iq ^ 1A 

Tj = 25°C 






6 



6 

mA 




— 55°C ^ Tj ^ + 1 50°C 



7 



7 



7 

mA 

AIq 

Quiescent Current 

5 mA ^ Iq ^ 1A 

0.5 

1 °- 5 

; o.5 

. mA 


Change 

Tj = 25°C, l 0 ^ 1A 



0.8 



0.8 



0.8 

mA 



Vmin ^ v (N ^ V MAX 

| (8^V, n ^20) 

| (15 ^ V, N ^ 27) | 

(18.5 ^ V| N ^ 30) 

V 



||q = 500 mA, 

— 55°C ^ Tj ^ +150°C 



0.8 



0.8 



0.8 

mA 



Vmin ^ V| N ^ v MAX 

(8 <; V| N <; 25) 

(15 ^ V| N <; 30) 

(18.5 <: V| N ^ 30) 

V 

Vn 

Output Noise Voltage 

T a = 25°C, 10 Hz ^ f ^ 100 kHz 

40 

75 

90 

jaV 

aV| N 

Ripple Rejection 


n 0 ^ 1 A, Tj = 25°C or 

68 

80 


61 

72 


60 

70 


dB 

AVouT 


f = 120 Hz 

J Iq ^ 500 mA, 
l — 55°C ^ Tj ^ + 150°C 

68 



61 



60 



dB 



[Vmin ^ Vin ^ V MA x 

| (8<:V| N <M8) 

| (15 <: V| N £ 25) | 

| (18.5 £ V| N ^ 28.5) 

V 

Ro 

Dropout Voltage 

Tj = 25°C, l 0 : 

= 1 A 


2.0 



2.0 



2.0 


V 


Output Resistance 

f = 1 kHz 



8 



18 



19 


mH 


Short-Circuit Current 

Tj = 25°C 



2.1 



1.5 



1.2 


A 


Peak Output Current 

Tj = 25°C 



2.4 



2.4 



2.4 


A 


Average TC of Vout 

0°C ^ Tj ^ +150°C, l 0 = 5 mA 


-0.6 



-1.5 



-1.8 


mV/°C 

V| N 

Input Voltage 

Tj = 25°C, l 0 ^ 1A 












Required to Maintain 
Line Regulation 



7.5 



14.6 



17.7 



V 


Note 2: All characteristics are measured with a capacitor across the input of 0.22 juF and a capacitor across the output of 0.1 juF. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (t w ^ 10 ms, duty cycle ^ 5%). Output voltage changes due to changes in internal 
temperature must be taken into account separately. 
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LM140A/LM 1 40/LM340A/LM340 


Electrical Characteristics LM340 (Note 2) 0°C £ Tj £ + 125°C unless otherwise specified 



Output Voltage 

5V 

12V 

15V 


Symbol 

Input Voltage (unless otherwise noted) 

10V 

19V 

23V 

Units 


Parameter 

Conditions 

OH 


1^23 


cn 

mm 




Vo 

Output Voltage 

Tj = 25°C, 5 mA £ Iq £ 1 A 

4.8 

5 

5.2 

11.5 

12 

12.5 

14.4 

15 15.6 

v 



P D £ 1 5W, 5 m A £ l 0 £ 1A 

4.75 

5.25 


11.4 


12.6 

14.25 

15.75 

V 



V MIN ^ V| N £ V MA x 

o 

CM 

VI 

2 

> 

VI 

in 

1(14.5 ^ V| N ^ 27)| 

| (17.5 £ V| N £ 30) | 

V 

AV 0 

Line Regulation 

Iq = 500 mA 

Tj = 25°C 


3 

50 


4 

120 


4 150 1 

mV 




av, n 

| (7 £ Vin ^ 25) | 

|(14.5£V| N £30)| 

| (17.5 £ V| N £ 30) | 

v 




0°C £ Tj £ +125°C 



50 



120 


150 1 

mV 




AV| N 

1 (8 £ V| N £ 20) I 

| (15 £ V, N £ 27) | 

| (18.5 £ V| N £ 30) | 

V 



Iq ^ 1 A 

Tj = 25° C 



50 



120 


150 1 

mV 




AV| N 

o 

CM 

VI 

2 

> 

VI 

in 

r£ 

|(14.6 £ V, N ^ 27)| 

| (17.7 £ V, N £ 30) | 

V 




0°C £ Tj £ 4- 1 25°C 



25 



60 


75 1 

mV 




av, n 

| (8 ^ V| N ^ 12) | 

| (16 £ V, N £ 22) | 

| (20 £ V iN £ 26) | 

V 

AVq 

Load Regulation 

Tj = 25°C 

5 mA £ Iq ^ 1.5A 


10 

50 


12 

120 


12 150 

mV 




250 mA £ Iq ^ 750 mA 



25 



60 


75 

mV 



|5 mA £ l 0 ^ 1 A, 0°C £ Tj £ +1 25°C 

50 

120 

150 1 

mV 

•q 

Quiescent Current 

l 0 £ 1A 

Tj = 25°C 



8 



8 


8 

mA 




0°C £ Tj £ + 1 25°C 



8.5 



8.5 


8.5 

mA 

AIq 

Quiescent Current 

5 mA £ lo ^ 1A 

0.5 

0.5 

0.5 

mA 


Change 

Tj = 25°C, l 0 ^ 1 A 



1.0 



1.0 


1.0 | 

mA 



V MIN ^ Vin ^ V MAX 

o 

CM 

Vi 

2 

> 

VI 

in 

r£ 

1(14.8 £ Vin £27)| 

| (17.9 £ Vin £ 30) | 

V 



l 0 = 500 mA, 0°C £ Tj £ + 125°C 



1.0 



1.0 


1.0 

mA 



VMIN ^ V| N £ V MAX 

(7 £ V, N £ 25) 

(14.5 £ V| N £ 30) 

(17.5 £ V| N £ 30) 

V 

v n 

Output Noise Voltage 

T a = 25°C, 10 Hz £ f £ 100 kHz 

40 

75 

90 

P-V 

AV| N 

Ripple Rejection 


f l 0 ^ 1A, Tj = 25°C 

62 

80 


55 

72 


54 

70 

dB 

aVout 


f = 120 Hz 

4 or Iq ^ 500 mA, 
lo°C£Tj£ + 1 25°C 

62 


1 

55 



54 


dB 



| V MIN ^ Vin ^ V MAX 

| (8 ^ V| N ^ 18) 

| (15 £ V| N £ 25) 

|(18.5 £ V| N £ 28.5)| 

V 

Ro 

Dropout Voltage 

Tj = 25°C, l 0 

= 1A 


2.0 



2.0 



2.0 

V 


Output Resistance 

f = 1 kHz 



8 



18 



19 

mil 


Short-Circuit Current 

Tj = 25°C 



2.1 



1.5 



1.2 

A 


Peak Output Current 

Tj = 25°C 



2.4 



2.4 



2.4 

A 


Average TC of Vqut 

0°C £ Tj £ + 1 25°C, l 0 = 5 mA 


-0.6 



-1.5 



-1.8 

mV/°C 

V| N 

Input Voltage 

Tj = 25°C, l 0 £ 1A 











Required to Maintain 
Line Regulation 



7.5 



14.6 



17.7 


V 


Note 2: All characteristics are measured with a capacitor across the input of 0.22 ju.F and a capacitor across the output of 0.1 /xF. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (t w £ 10 ms, duty cycle £ 5%). Output voltage changes due to changes in internal 
temperature must be taken into account separately. 
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Typical Performance Characteristics 

Maximum Average Power Maximum Average Power 



-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (°C) 



Output Voltage (Normalized 


_ 1.010 

j 1.005 

3 

t 

; 1 

3 

! 0.995 

3 

■ 0.990 
l 0.985 
\ 0.980 
l 0.975 
’ 0.970 


■ 

■ 


m 


■ 

■ 


m 

m 

m 



u 

■ 

E 


m 

m 


■ 

■ 


m 

m 

i? 

■ 

■ 


m 

m 

m 

m 

m 

* 

■ 



■ 

m 

m 

m 

m 

■ 

■ 

■ 


■ 

■ 

m 

« 

m 

■ 

■ 

■ 


■ 

■ 

m 

■ 

u 

■ 


AMBIENT TEMPERATURE (°C) 


Ripple Rejection 



V|N- v 0UT = 8V DC + 3.5Vrms 

•out = 1a 

Tj = 25"C 

-i-LLLllill — LUilill lllllllll 


-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE ("0 


Note: Shaded area refers to LM340A/LM340. 


10 100 Ik ' 10k 

FREQUENCY (Hz) 




100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 

Note: Shaded area refers to LM340A/LM340. 



0 5 10 15 20 25 30 35 

INPUT TO OUTPUT DIFFERENTIAL (V) 


Ripple Re 

lection 


















• ! 








f = 120 Hz 

— V| N -Vqut = 8 Vqc + 3.5 Vrms 

•out = 1a 

Tj = 25 C 

1 1 1 1 


5 10 15 20 

OUTPUT VOLTAGE (V) 


Dropout Characteristics 



2 4 6 8 

INPUT VOLTAGE (V) 


Quiescent Current 


Quiescent Current 




-75 -50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 

Note: Shaded area refers to LM340A/LM340. 


10 15 20 25 30 35 

INPUT VOLTAGE (V) 
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INPUT VOLTAGE (V) 



Application Hints 

The LM340 is designed with thermal protection, output 
short-circuit protection and output transistor safe area pro- 
tection. However, as with any 1C regulator, it becomes nec- 
essary to take precautions to assure that the regulator is not 
inadvertently damaged. The following describes possible 
misapplications and methods to prevent damage to the reg- 
ulator. 

Shorting the Regulator Input: When using large capaci- 
tors at the output of these regulators, a protection diode 
connected input to output (Figure 1) may be required if the 
input is shorted to ground. Without the protection diode, an 
input short will cause the input to rapidly approach ground 
potential, while the output remains near the initial Vqut be- 
cause of the stored charge in the large output capacitor. 
The capacitor will then discharge through a large internal 
input to output diode and parasitic transistors. If the energy 
released by the capacitor is large enough, this diode, low 
current metal and the regulator will be destroyed. The fast 
diode in Figure 1 will shunt most of the capacitors discharge 
current around the regulator. Generally no protection diode 
is required for values of output capacitance ^ 1 0 juF. 


o 



Raising the Output Voltage above the Input Voltage: 

Since the output of the LM340 does not sink current, forcing 
the output high can cause damage to internal low current 
paths in a manner similar to that just described in the 
“Shorting the Regulator Input” section. 

Regulator Floating Ground (Figure 2 ) : When the ground 
pin alone becomes disconnected, the output approaches 
the unregulated input, causing possible damage to other cir- 
cuits connected to Vqut- If ground is reconnected with pow- 
er “ON”, damage may also occur to the regulator. This fault 
is most likely to occur when plugging in regulators or mod- 
ules with on card regulators into powered up sockets. Power 
should be turned off first, thermal limit ceases operating, or 
ground should be connected first if power must be left on. 
Transient Voltages: If transients exceed the maximum rat- 
ed input voltage of the 340, or reach more than 0.8 V below 
ground and have sufficient energy, they will damage the reg- 
ulator. The solution is to use a large input capacitor, a series 
input breakdown diode, a choke, a transient suppressor or a 
combination of these. 



TL/H/7781 -9 

FIGURE 2. Regulator Floating Ground 


-V 
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LM 1 40A/LM 1 40/LM340A/LM340 


Connection Diagrams 

TO-3 Metal Can Package (K and KC) 



TL/H/7781-11 

Bottom View 

Steel Package Order Numbers: 
LM140AK-5.0 LM140K-5.0 LM340AK-5.0 LM340K-5.0 
LM140AK-12 LM140K-12 LM340AK-12 LM340K-12 
LM140AK-15 LM140K-15 LM340AK-15 LM340K-15 
See Package Number K02A 

Aluminum Package Order Numbers: 
LM340KC-5.0 
LM340KC-12 
LM340KC-15 

See Package Number KC02A 


TO-220 Power Package (T) 


OUTPUT 

GND 

INPUT 



Top View 


TL/H/7781-12 


Plastic Package Order Numbers: 
LM340AT-5.0 LM340T-5.0 
LM340AT-12 LM340T-12 

LM340AT-15 LM340T-15 

See Package Number T03B 
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National 

Semiconductor 

Corporation 


LM140L/LM340L Series 3-Terminal Positive Regulators 


General Description 

The LM140L series of three terminal positive regulators is 
available with several fixed output voltages making them 
useful in a wide range of applications. The LM140LA is an 
improved version of the LM78LXX series with a tighter out- 
put voltage tolerance (specified over the full military temper- 
ature range), higher ripple rejection, better regulation and 
lower quiescent current. The LM140LA regulators have 
±2% Vqut specification, 0.04%/V line regulation, and 
0.01 %/mA load regulation. When used as a zener diode/re- 
sistor combination replacement, the LM140LA usually re- 
sults in an effective output impedance improvement of two 
orders of magnitude, and lower quiescent current. These 
regulators can provide local on card regulation, eliminating 
the distribution problems associated with single point regu- 
lation. The voltages available allow the LM1 40LA to be used 
in logic systems, instrumentation, Hi-Fi, and other solid state 
electronic equipment. Although designed primarily as fixed 
voltage regulators, these devices can be used with external 
components to obtain adjustable voltages and currents. 
The LM140LA/LM340LA are available in the low profile 
metal three lead TO-39 (H) and the LM340LA are also avail- 
able in the plastic TO-92 (Z). With adequate heat sinking the 
regulator can deliver 100 mA output current. Current limiting 
is included to limit the peak output current to a safe value. 
Safe area protection for the output transistor is provided to 
limit internal power dissipation. If internal power dissipation 


becomes too high for the heat sinking provided, the thermal 
shut-down circuit takes over, preventing the 1C from over- 
heating. 

For applications requiring other voltages, see LM117L Data 
Sheet. 

Features 

■ Line regulation of 0.04%/V 

■ Load regulation of 0.01 %/mA 

■ Output voltage tolerances of ±2% at Tj = 25°C and 
±4% over the temperature range (LM140LA) 

±3% over the temperature range (LM340LA) 

■ Output current of 1 00 mA 

■ Internal thermal overload protection 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in metal TO-39 low profile package 
(LM1 40LA/LM340LA) and plastic TO-92 (LM340LA) 


Output Voltage Options 


LM140LA-5.0 

5V 

LM340LA-5.0 

5V 

LM140LA-12 

12V 

LM340LA-12 

12V 

LM140LA-15 

15V 

LM340LA-1 5 

15V 


Connection Diagrams 


TO-39 Metal Can Package (H) 



Bottom View 


TL/H/7782-2 


Order Number LM140LAH-5.0, LM140LAH-12, LM140LAH-15, 
LM340LAH-5.0, LM340LAH-12 or LM340LAH-15 
See NS Package Number H03A 


TO-92 Plastic Package (Z) 



Bottom View 

Order Number LM340LAZ-5.0, LM340LAZ-12 or LM340LAZ-15 
See NS Package Number Z03A 
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LM140L/LM340L 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 5) 

Input Voltage 

5.0V, 1 2V, 1 5V Output Voltage Options 35V 

Internal Power Dissipation (Note 1) Internally Limited 


Operating Temperature Range 
LM140LA 
LM340LA 


— 55°C to + 1 25°C 
0°C to + 70°C 


Maximum Junction Temperature 
Storage Temperature Range 
Metal Can (H package) 
Molded TO-92 


+ 1 50°C 

— 65°C to + 1 50°C 

— 55°C to +150°C 


Lead T emperature (Soldering, 1 0 sec.) + 300°C 

Plastic TO-92 +230°C 


Electrical Characteristics (Note 2) 

Test conditions unless otherwise specified. Ta = -55°Cto + 125°C (LM140LA), T A = 0°Cto + 70°C (LM340LA), Iq = 40 mA, 
C|n = 0.33 /aF, C o — 0.01 |mF. 


Output Voltage Option 

5.0V 

12V 

15V 

Units 

Input Voltage (unless otherwise noted) 

10V 

19V 

23V 

Symbol 

Parameter 

Conditions 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Vo 

Output Voltage 

Tj = 25°C 

4.9 5 5.1 

11.75 12 12.25 

14.7 15 15.3 

V 


Output Voltage 
Over Temp. 

(Note 4) 

LM140LA l 0 = 1 - 100 mA 

4.8 5.2 

11.5 12.5 

14.4 15.6 

(7.2-20) 

(14.5-27) 

(17.6-30) 

LM340LA l 0 = 1 - 100 mA or 

Iq = 1 - 40 mA and 

V| N = ()V 

4.85 5.15 

11.65 12.35 

14.55 15.45 

(7-20) 

(14.3-27) 

(17.5-30) 

AV 0 

1 

Line Regulation 

Tj = 25°C 

Iq = 40 mA 

V IN = ()V 

18 30 

30 65 

37 70 

mV 

(7-25) 

(14.2-30) 

(17.3-30) 

Iq = 100 mA 

V| N = ()V 

18 30 

30 65 

37 70 

(7.5-25) 

(14.5-30) 

(17.5-30) 


Load Regulation 

Tj = 25°C l 0 = 1 - 40 mA 
l 0 = 1 - 100 mA 

5 20 

10 40 

12 50 

20 40 

30 80 

35 100 


Long Term 
Stability 


12 

24 

30 

mV 

1 000 hrs 

•o 

Quiescent 

Current 

Tj = 25°C 

Tj = 125°C 

3 4.5 

3 4.5 

3.1 4.5 

mA 

4.2 

4.2 

4.2 

AIq 

Quiescent 
Current Change 

Tj = 25° C 

ALoad Iq = 1 - 40 mA 

0.1 

0.1 

0.1 

mA 

ALine 

V| N = ()V 

0.5 

0.5 

0.5 

(7.5-25) 

(14.3-30) 

(17.5-30) 

v n 

Output Noise 
Voltage 

Tj = 25°C (Note 3) 
f = 10 Hz-10 kHz 

40 

80 

90 

M-V 

AV| N 

AVquT 

Ripple Rejection 

f = 120 Hz, V| N = ()V 

55 62 

47 54 

45 52 

dB 

(7.5-18) 

(14.5-25) 

(17.5-28.5) 


Input Voltage 
Required to 
Maintain Line 
Regulation 

Tj = 25°C, Iq = 40 mA 

7 

14.2 

17.3 

V 


Note 1: Thermal resistance of H-package is typically 26°C/W 0jc, 250°C/W 0 ja still air, and 94°C/W 0jA 400 If/min of air. For the Z-package is 60°C/W 0jc, 232°C/ 
W 0jA still air, and 88°C/W 0 ja at 400 If/min of air. The maximum junction temperature shall not exceed 125°C on electrical parameters. 

Note 2: The maximum steady state usable output current and input voltage are very dependent on the heat sinking and/or lead length of the package. The data 
above represent pulse test conditions with junction temperatures as indicated at the initiation of tests. 

Note 3: It is recommended that a minimum load capacitor of 0.01 fiF be used to limit the high frequency noise bandwidth. 

Note 4: The temperature coefficient of Vqlit is typically within 0.01 % Vq/° C. 


Note 5: Refer to RETS140-12H for LM140LAH-12, RETS140-15H for LM140LAH-15 or RETS140-15H for LM140LAH-5.0 military specification. 
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Typical Performance Characteristics 
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Dissipation 
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JUNCTION TEMPERATURE ( C) 

TL/H/7782-4 


Typical Applications 

Fixed Output Regulator 



‘Required if the regulator is located far from the power supply filter. 
“See note 3 in the electrical characteristics table. 


Adjustable Output Regulator 



V 0 UT = 5V + (5V/R1 + l 0 ) R2 TL/H/7782-6 

5V/R1 = 3 l 0 load regulation (L,) [(R1 + R2)/R1] (L, of LM140LA-5.0) 
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LM140L/LM340L 



LM140L/LM340L 


Equivalent Circuit 
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Corporation 



LM145/LM345 Negative Three Amp Regulator 


General Description 

The LM145 is a three-terminal negative regulator with a 
fixed output voltage of -5 V or -5.2 V, and up to 3 A load 
current capability. This device needs only one external com- 
ponent— a compensation capacitor at the output, making it 
easy to apply. Worst case guarantees on output voltage de- 
viation due to any combination of line, load or temperature 
variation assure satisfactory system operation. 

Exceptional effort has been made to make the LM145 im- 
mune to overload conditions. The regulator has current lim- 
iting which is independent of temperature, combined with 
thermal overload protection. Internal current limiting pro- 
tects against momentary faults while thermal shutdown pre- 
vents junction temperatures from exceeding safe limits dur- 
ing prolonged overloads. 

Although primarily intended for fixed output voltage applica- 
tions, the LM145 may be programmed for higher output volt- 
ages with a simple resistive divider. The low quiescent drain 


current of the device allows this technique to be used with 
good regulation. 

The LM145 comes in a hermetic TO-3 package rated at 
25W. A reduced temperature range part LM345 is also avail- 
able. 

Features 

■ Output voltage accurate to better than ±2% 

■ Current limit constant with temperature 

■ Internal thermal shutdown protection 

■ Operates with input-output voltage differential of 2.8V at 
full rated load over full temperature range 

n Regulation guaranteed with 25W power dissipation 
a 3A output current guaranteed 
a Only one external component needed 
b 100% electrical burn-in 


Schematic Diagram 
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LM145/LM345 



LM145/LM345 


Absolute Maximum Ratings 

if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 3) 

Input Voltage 20V 

Input-Output Differential 20V 


Power Dissipation 


Internally Limited 


Operating Junction Temperature Range 
LM145 
LM345 


— 55°C to + 150°C 
0°C to -M25°C 


Storage T emperature Range — 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 300°C 


Electrical Characteristics <-sv& -5.2v> (Note d 


Parameter 

Conditions 

Limits 

Units 

LM145 

LM345 

Min 

Typ 

Max 

Min 

Typ 

Max 

Output Voltage 

5.0V 

5.2V 

Tj = 25°C, Iout = 5 mA, 

V| N = "7.5 

-5.1 

-5.3 

-5.0 

-5.2 

-4.9 

-5.1 

-5.2 

-5.4 

-5.0 

-5.2 

-4.8 

-5.0 

V 

V 

Line Regulation (Note 2) 

Tj = 25°C 

-20V <; V| N <; -7.5V 


5 

15 


5 

25 

mV 

Load Regulation (Note 2) 

Tj = 25°C, V| N = -7.5V 

5 mA ^ loUT — 3A 


30 

75 


30 

100 

mV 

Output Voltage 

5.0V 

5.2 V 

-20V ^ V| N -7.8V 

5 mA ^ Iout ^ 3A 

P <; 25W 

TmiN ^ Tj ^ Tmax 

-5.20 

-5.40 


-4.80 

-5.00 

-5.25 

-5.45 


-4.75 

-4.95 

V 

V 

Quiescent Current 

-20V ^ V| N ^ -7.5V 

5 mA <; Iout ^ 3A 


1.0 

3.0 


1.0 

3.0 

mA 

Short Circuit Current 

V| N = -7.5V, Tj = +25°C 
V| N = -20V, Tj = +25°C 


4 

2 

5.5 

3.5 


4 

2 

5.5 

3.5 

A 

A 










Long Term Stability 



5 

50 


5 

50 

mV 

Thermal Resistance 
Junction to Case 



2 



2 


°C/W 


Note 1: Unless otherwise specified, these specifications apply: -55°C ^ Tj ^ +150°C for the LM145 and 0°C ^ Tj ^ +125°C for the LM345. V|n = 7.5V and 
Iout = 5 mA. Although power dissipation is internally limited, electrical specifications apply only for power levels up to 25W. For calculations of junction 
temperature rise due to power dissipation, use a thermal resistance of 35°C/W for the TO-3 with no heat sink. With a heat sink, use 2°C/W for junction to case 
thermal resistance. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To 
ensure constant junction temperature, pulse testing with a low duty cycle is used. 

Note 3: Refer to RETS145K-5.2V for LM145K-5.2V or RETS145K-5V for LM145K-5.0 military specifications. 


Connection Diagram 

Metal Can Package 


Typical Applications 

Fixed Regulator 


INPUT 



LM345K-5.0, LM145K-5.2, 
or LM345K-5.2 

See NS Package Number K02A 



(•Required for stability. For value given, capacitor must be solid tantalum. 
50 juF aluminum electrolytic may be substituted. Values given may be in- 
creased without limit. 

’Required if regulator is separated from filter capacitor. For value given, ca- 
pacitor must be solid tantulum. 50 ju.F aluminum electrolytic may be substi- 
tuted. 
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OUTPUT IMPEDANCE (OHMS) 


T a - AMBIENT TEMPERATURE CC) 


Output Impedance 



10 100 Ik 10k 100k 1M 10M 


(-FREQUENCY (Hz) 


T a - AMBIENT TEMPERATURE CC) 

Minimum Input-Output 
Voltage Differential 



OUTPUT CURRENT (AMPS) 


f- FREQUENCY (Hz) 


Output Voltage vs 
Temperature 



-50 0 50 100 150 


T- TEMPERATURE CC) 


TL/H/7785-4 


Typical Applications (Continued) 



*Select resistors to set output voltage. 1 ppm/C tracking suggested. 

**C1 is not needed if power supply filter capacitor is within 3" of regulator. 
tDetermines zener current. May be adjusted to minimize temperature drift. 
ttSolid tantalum. 

Load and line regulation < 0.01 % 

Temperature drift < 0.001 %/C 




LM145/LM345 


Typical Applications (Continued) 

High Stability Regulator 

5V <; V+ £ 25V 
(UNREGULATED) 



**C1 is not needed if power supply filter capacitor is within 3" of regulator. 
tKeep C4 within 2" of LM345. 


**D2 sets initial output voltage accuracy. The LM113 is available in -5, -2, and -1% tolerance. 

— 2V ECL Termination Regulator 


Dual 3 Amp Trimmed Supply 


Variable Output ( - 5.0V to - 15V) 




‘Optional. Improves transient 

response and ripple rejection. v OUT = ~ 5V 
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Corporation 


LM150/LM350 3 Amp Adjustable Power Regulators 


General Description 

The LM150/LM350 are adjustable 3-terminal positive volt- 
age regulators capable of supplying in excess of 3A over a 
1 .2V to 33V output range. They are exceptionally easy to 
use and require only 2 external resistors to set the output 
voltage. Further, both line and load regulation are compara- 
ble to discrete designs. Also, the LM150 is packaged in 
standard transistor packages which are easily mounted and 
handled. 

In addition to higher performance than fixed regulators, the 
LM150 series offers full overload protection available only in 
IC’s. Included on the chip are current limit, thermal overload 
protection and safe area protection. All overload protection 
circuitry remains fully functional even if the adjustment ter- 
minal is accidentally disconnected. 

Normally, no capacitors are needed unless the device is 
situated more than 6 inches from the input filter capacitors 
in which case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. The 
adjustment terminal can be bypassed to achieve very high 
ripple rejection ratios which are difficult to achieve with stan- 
dard 3-terminal regulators. 

Besides replacing fixed regulators or discrete designs, the 
LM1 50 is useful in a wide variety of other applications. Since 
the regulator is “floating” and sees only the input-to-output 
differential voltage, supplies of several hundred volts can be 
regulated as long as the maximum input to output differen- 
tial is not exceeded, i.e., avoid short-circuiting the output. 


Also, it makes an especially simple adjustable switching reg- 
ulator, a programmable output regulator, or by connecting a 
fixed resistor between the adjustment pin and output, the 
LM150 can be used as a precision current regulator. Sup- 
plies with electronic shutdown can be achieved by clamping 
the adjustment terminal to ground which programs the out- 
put to 1 .2 V where most loads draw little current. 

The LM1 50K/LM350K are packaged in standard steel TO-3 
transistor packages. The LM350T is packaged in a TO-220 
plastic package. The LM150 is rated for operation from 
— 55°C to +150°C, and the LM350 from 0°C to +125°C. 

Features 

■ Adjustable output down to 1 .2V 

■ Guaranteed 3A output current 

■ Line regulation typically 0.005%/V 

■ Load regulation typically 0.1% 

■ Guaranteed thermal regulation 

■ Output is short circuit protected 

■ Current limit constant with temperature 

■ 100% electrical burn-in in thermal limit 

■ Eliminates the need to stock many voltages 

■ Standard 3-lead transistor package 

■ 86 dB ripple rejection 


Typical Applications 


1.2V— 25V Adjustable Regulator 



Full output current not available 
at high input-output voltages. 

tOptional— improves transient response. 
Output capacitors in the range of 1 ju.F to 
1 000 fxF of aluminum or tantalum electro- 
lytic are commonly used to provide im- 
proved output impedance and rejection of 
transients. 


6A Regulator 



Regulator and Voltage 
Reference 



* Needed if device is more than 6 inches 
from filter capacitors. 


ttVouT = 1-25V ^1 + + I AD J(R2) 

Note: Usually R1 = 240ft for LM150 and 
R1 = 120ft for LM350. 


1 
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LM150/LM350 


Absolute Maximum Ratings 

If Military /Aerospace specified devices are required, Storage Temperature -65°Cto +150°C 

contact the National Semiconductor Sales Office/ Lead Temperature (Soldering, 10 seconds) 300”C 

( D Note b 3 U ) ,0rS <0r aVailab " ity and SpeCi,iCati0nS ' Plastic Package (Soldering, 4 seconds) 260»C 

Power Dissipation Internally limited Preconditioning 

Input-Output Voltage Differential 35V Burn ., n in thermal Limit All Devices 1 00% 

Operating Junction Temperature Flange BSD Rating to be determined. 

LM150 — 55 Cto +150 C a 

LM350 0°C to + 1 25°C 

Electrical Characteristics (Notei) 

Parameter 

Conditions 

LM150 

LM350 








Line Regulation 

T A = 25°C, 3V ^ (V| N - Vqut) ^ 35V, 
l L = 0.01 0A (Note 2) 


0.005 

0.01 


0.005 

0.03 

%/V 

Load Regulation 

T A = 25°C, 10mA ^ loUT ^ 3A 


0.1 

0.3 


0.1 

0.5 

% 

Thermal Regulation 

Pulse = 20 ms, Tj = 25°C 


0.002 

0.01 


0.002 

0.03 

%/w 

Adjustment Pin Current 



50 

100 


50 

100 

1 ulA 

Adjustment Pin Current Change 

10 mA ^ l|_ ^ 3A 

3V <; (Vim - Vqut) £ 35V 


0.2 

5 


0.2 

5 

/jlA 

Reference Voltage 

3V ^ (V| N - Vqut) ^ 35V, (Note 3) 

10 mA ^ Iqut ^ 3A, P ^ 30W 

1.20 

1.25 

1.30 

1.20 

1.25 

1.30 

V 

Line Regulation 

3V ^ (V| N - Vqut) £ 35V, (Note 2) 
l L = 0.01 0A 


0.02 

0.05 


0.02 

0.07 

%/V 

Load Regulation 

10 mA ^ Iout ^ 3A, (Note 2) 


0.3 

1 


0.3 

1.5 

% 

Temperature Stability 

T M IN ^ Tj ^ T MAX 


1 



1 


% 

Minimum Load Current 

V|n “ VouT = 35V 


3.5 

5 


3.5 

10 

mA 

Current Limit 

(Vin - Vqut) ^ i° v 

(Vin - Vout) = 30V, Tj = + 25°c 

3.0 

0.3 

4.5 

1 


3.0 

0.25 

4.5 

1 


A 

A 

RMS Output Noise, % of Vqut 

Tj = 25°C, 10 Hz ^ f £ 10 kHz 


0.001 



0.001 


% 

Ripple Rejection Ratio 

Vout = iov,f = 120 Hz 

CaDJ = 1 0 /iF 

66 

65 

86 


66 

65 

86 


dB 

dB 

Long Term Stability 

Tj = 125°C, 1000 hours 


0.3 

1 


0.3 

1 

% 

Thermal Resistance, Junction 
to Case 

K Package 

T Package 


3 



3 

1.5 

4 

°C/W 

°C/W 

Thermal Resistance, 

Junction to Ambient 
(No Heat Sink) 

K Package 

T Package 


35 

50 



35 

50 


°C/W 

°c/w 

Note 1: Unless otherwise specified, these specifications apply -55°C £ Tj £ + 150°C for the LM150, 0°C £ Tj ^ 125°C for the LM350. Vin - Vout = 5V, and 

Iqut = 10 mA. These specifications are applicable for power dissipations up to 30W for the K package and 25W for the T package. Power dissipation is 
guaranteed at these values up to 1 5 volts input-output differential. Above 1 5 volts differential, power dissipation will be limited by internal protection circuitry. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. Pulse 
testing with low duty cycle is used. 

Note 3: Refer to RETS150K drawing for military specifications of the LM150K. 
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OUTPUT IMPEDANCE (fl) RIPPLE REJECTION (dB) INPUT-OUTPUT DIFFERENTIAL (V) OUTPUT VOLTAGE DEVIATION {%) 


Typical Performance Characteristics 


Load Regulation 


Current Limit 


Adjustment Current 


-0.H |-V| N = 15V 
| V OUT = 10V 


za za /a iza 
TEMPERATURE (°C) 


0 5 10 15 20 25 30 35 

INPUT-OUTPUT DIFFERENTIAL (V) 


-75 -25 25 75 125 

TEMPERATURE (°C) 


Dropout Voltage 


AVqut = ’’0° m V 


-19 -za za 75 125 

TEMPERATURE (°C) 


Temperature Stability 


-75 -25 25 75 125 

TEMPERATURE CC) 


Minimum Operating Current 


S38 

5 

MH 
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SB 

■■ 
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INPUT-OUTPUT DIFFERENTIAL (V) 


Ripple Rejection 


Ripple Rejection 


Ripple Rejection 


I V,n-V 0 ut = 5V 
2 Ml = 500 mA 
r f = 120 Hz 
Ti = 25°C 
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OUTPUT VOLTAGE (V) 


■ 

■ 

■ 
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■ 

■ 

IBS 

■ 

■ 

■ 


lL = 500 mA 
V IN =15V 
V 0 UT=1W 
T,- = 25° C 


10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


•OUT = 10V 
f = 120 Hz 
T: = 25° C 


U.U1 0.1 1 10 

OUTPUT CURRENT (A) 


Output Impedance 


Line Transient Response 


Load Transient Response 


10" 3 


0.5 








Application Hints 

In operation, the LM150 develops a nominal 1.25V refer- 
ence voltage, Vref. between the output and adjustment ter- 
minal. The reference voltage is impressed across program 
resistor R1 and, since the voltage is constant, a constant 
current l-j then flows through the output set resistor R2, giv- 
ing an output voltage of 

VoUT = Vref (l + + Udj R2. 


LM150 



TL/H/9061 -7 

FIGURE 1 

Since the 50 /xA current from the adjustment terminal repre- 
sents an error term, the LM150 was designed to minimize 
•adj and make it very constant with line and load changes. 
To do this, all quiescent operating current is returned to the 
output establishing a minimum load current requirement. If 
there is insufficient load on the output, the output will rise. 

EXTERNAL CAPACITORS 

An input bypass capacitor is recommended. A 0.1 jxF disc 
or 1 jxF solid tantalum on the input is suitable input bypass- 
ing for almost all applications. The device is more sensitive 
to the absence of input bypassing when adjustment or out- 
put capacitors are used but the above values will eliminate 
the possibility of problems. 

The adjustment terminal can be bypassed to ground on the 
LM150 to improve ripple rejection. This bypass capacitor 
prevents ripple from being amplified as the output voltage is 
increased. With a 10 jxF bypass capacitor 86 dB ripple re- 
jection is obtainable at any output level. Increases over 
10 jllF do not appreciably improve the ripple rejection at 
frequencies above 120 Hz. If the bypass capacitor is used, it 
is sometimes necessary to include protection diodes to pre- 
vent the capacitor from discharging through internal low cur- 
rent paths and damaging the device. 

In general, the best type of capacitors to use is solid tanta- 
lum. Solid tantalum capacitors have low impedance even at 
high frequencies. Depending upon capacitor construction, it 
takes about 25 /xF in aluminum electrolytic to equal 1 /xF 
solid tantalum at high frequencies. Ceramic capacitors are 
also good at high frequencies, but some types have a large 
decrease in capacitance at frequencies around 0.5 MHz. 
For this reason, 0.01 /xF disc may seem to work better than 
a 0.1 juF disc as a bypass. 

Although the LM150 is stable with no output capacitors, like 
any feedback circuit, certain values of external capacitance 
can cause excessive ringing. This occurs with values be- 
tween 500 pF and 5000 pF. A 1 jxF solid tantalum (or 25 juF 
aluminum electrolytic) on the output swamps this effect and 
insures stability. 


LOAD REGULATION 

The LM1 50 is capable of providing extremely good load reg- 
ulation but a few precautions are needed to obtain maxi- 
mum performance. The current set resistor connected be- 
tween the adjustment terminal and the output terminal (usu- 
ally 240a) should be tied directly to the output (case) of the 
regulator rather than near the load. This eliminates line 
drops from appearing effectively in series with the reference 
and degrading regulation. For example, a 1 5V regulator with 
0.05a resistance between the regulator and load will have a 
load regulation due to line resistance of 0.05a X II. If the 
set resistor is connected near the load the effective line 
resistance will be 0.05a (1 + R2/R1) or in this case, 11.5 
times worse. 

Figure 2 shows the effect of resistance between the regula- 
tor and 240a set resistor. 

LM150 



TL/H/9061 -8 

FIGURE 2. Regulator with Line Resistance 
in Output Lead 

With the TO-3 package, it is easy to minimize the resistance 
from the case to the set resistor, by using two separate 
leads to the case. The ground of R2 can be returned near 
the ground of the load to provide remote ground sensing 
and improve load regulation. 

PROTECTION DIODES 

When external capacitors are used with any 1C regulator it is 
sometimes necessary to add protection diodes to prevent 
the capacitors from discharging through low current points 
into the regulator. Most 10 /xF capacitors have low enough 
internal series resistance to deliver 20A spikes when short- 
ed. Although the surge is short, there is enough energy to 
damage parts of the 1C. 

When an output capacitor is connected to a regulator and 
the input is shorted, the output capacitor will discharge into 
the output of the regulator. The discharge current depends 
on the value of the capacitor, the output voltage of the regu- 
lator, and the rate of decrease of Vin. In the LM150, this 
discharge path is through a large junction that is able to 
sustain 25A surge with no problem. This is not true of other 
types of positive regulators. For output capacitors of 25 jxF 
or less, there is no need to use diodes. 

The bypass capacitor on the adjustment terminal can dis- 
charge through a low current junction. Discharge occurs 
when either the input or output is shorted. Internal to the 
LM150 is a 50fl resistor which limits the peak discharge 
current. No protection is needed for output voltages of 25V 
or less and 10 ^F capacitance. Figure 3 shows an LM150 
with protection diodes included for use with outputs greater 
than 25V and high values of output capacitance. 



150/LM350 
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Application Hints (Continued) 


D1 

1N4002 



D1 protects against Cl 
D2 protects against C2 


Vqut = 1-25V (l + 


+ IadjR2 


TL/H/9061 -9 


Schematic Diagram 



Typical Applications (Continued) 


Temperature Controller 
LM350 


Light Controller 
LM350 
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Typical Applications (Continued) 


Precision Power Regulator with Slow Turn-ON 15V Regulator 

Low Temperature Coefficient LM1 50 




Adjustable Regulator with Improved 


Ripple Rejection 

LM150 



tSolid tantalum TL/H/9061-15 

"Discharges Cl if output is shorted to ground 


High Stability 10V Regulator 


LM150 



Digitally Selected Outputs 

LM150 



'Sets maximum Vqut 
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Typical Applications (Continued) 


10A Regulator 

LM350 



5V Logic Regulator with 
Electronic Shutdown* 


LM150 



0 to 30V Regulator 


LM150 



TL/H/9061-20 


Full output current not available at high input-output voltages 
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Typical Applications (Continued) 


Adjustable Current Regulator 

LM150 R1 



Precision Current Limiter 



TL/H/9061 -24 

*0.4 £ Ri £ 120fl 


1.2V-20V Regulator with 
Minimum Program Current 


LM150 



* Minimum load current ~ 4 mA 


TL/H/9061 -25 


3A Current Regulator 
LM150 



TL/H/9061 -26 


Tracking Preregulator 


R2 

720 



TL/H/9061 -27 
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Typical Applications (Continued) 


Adjusting Multiple On-Card Regulators 
with Single Control* 

LM150 



TL/H/9061 -28 

tMinimum load — 10 mA 
*AII outputs within +100 mV 


AC Voltage Regulator 

LM350 



LM350 


Simple 12V Battery Charger 



TL/H/9061 -30 

*Rs— sets output impedance of charger: Zout = Rs ( 1 + 

Use of Rs allows low charging rates with fully 
charged battery. 

**1000 juF is recommended to filter out any input transients 


TL/H/9061 -29 
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Corporation 


LM196/LM396 10 Amp Adjustable Voltage Regulator 

General Description 

The LM196 is a 10 amp regulator, adjustable from 1.25V to 
1 5V, which uses a revolutionary new 1C fabrication structure 
to combine high power discrete transistor technology with 
modern monolithic linear 1C processing. This combination 
yields a high-performance single-chip regulator capable of 
supplying in excess of 1 0 amps and operating at power lev- 
els up to 70 watts. The regulators feature on-chip trimming 
of reference voltage to +0.8% and simultaneous trimming 
of reference temperature drift to 30 ppm/°C typical. Thermal 
interaction between control circuitry and the pass transistor 
which affects the output voltage has been reduced to ex- 
tremely low levels by strict attention to isothermal layout. 

This interaction, called thermal regulation, is 100% tested. 

These new regulators have all the protection features of 
popular lower power adjustable regulators such as LM117 
and LM138, including current limiting and thermal limiting. 

The combination of these features makes the LM196 im- 
mune to blowout from output overloads or shorts, even if 
the adjustment pin is accidentally disconnected. All devices 
are “burned-in” in thermal shutdown to guarantee proper 
operation of these protective features under actual overload 
conditions. 

Output voltage is continuously adjustable from 1.25V to 
15V. Higher output voltages are possible if the maximum 
input-output voltage differential specification is not exceed- 
ed. Full load current of 10A is available at all output volt- 
ages, subject only to the maximum power limit of 70W and 
of course, maximum junction temperature. 


Typical Applications 


*For best TC of Vout. should be wirewound 
or metal film, 1 % or better. 

**R2 should be same type as R1 , with TC track- 
ing of 30 ppm/°C or better. 
tCI is necessary only if main filter capacitor is 
more than 6" away, assuming #18 or larger 
leads. 

ttC2 is not absolutely necessary, but is suggest- 
ed to lower high frequency output impedance. 
Output capacitors in the range of 1 jaF to 
1000 juF of aluminum or tantalum electrolytic 
are commonly used to provide improved out- 
put impedance and rejection of transients. 

'C3 improves ripple rejection, output imped- 
ance, and noise. C2 should be 1 jxF or larger 
close to the regulator if C3 is used. 


( R1 pp\ 

-- R1 j + lADJ (R2) 



The LM196 is exceptionally easy to use. Only two external 
resistors are used to to set output voltage. On-chip adjust- 
ment of the reference voltage allows a much tighter specifi- 
cation of output voltage, eliminating any need for trimming in 
most cases. The regulator will tolerate an extremely wide 
range of reactive loads, and does not depend on external 
capacitors for frequency stabilization. Heat sink require- 
ments are much less stringent, because overload situations 
do not have to be accounted for— only worst-case full load 
conditions. 

The LM196 is in a TO-3 package with oversized (0.060") 
leads to provide best possible load regulation. Operating 
junction temperature range is -55°C to +150°C. The 
LM396 is specified for a 0°C to + 125°C junction tempera- 
ture range. 

Features 

Common 

m Output pre-trimmed to ±0.8% 

□ 1 0A guaranteed output current 

□ 100% burn-in in thermal limit 

m 70W maximum power dissipation 

□ Adjustable output — 1.25V to 15V 
E3 Internal current and power limiting 

□ Guaranteed thermal resistance 

□ Output voltage guaranteed under worst-case conditions 

□ Output is short circuit protected 
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Absolute Maximum Ratings 








If Military/Aerospace specified devices are required, 

Storage Temperature 


- 

■65°C to + 150°C 

contact the National 

Semiconductor Sales Office/ 

Lead Temperature (Soldering, 10 seconds) 


300°C 

Distributors for availability and specifications. 

ESD rating to be determined 




Power Dissipation 

Internally Limited 








Input-Output Voltage Differential 20V 

Pre-Conditioning 




Operating Junction Temperature Range 

100% Burn-In in Thermal Limit 




LM1 96 Control Section - 55°C to + 1 50°C 








Power Transistor -55°C to +200°C 








LM396 Control Section 0°C to + 125°C 








Power Transistor 0°Cto+175°C 








Electrical Characteristics (Notei) 








Parameter 

Conditions 

LM196 

LM396 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Reference Voltage 

l0UT = 10 mA 

1.24 

1.25 

1.26 

1.23 

1.25 

1.27 

V 

Reference Voltage 

V MIN ^ (V|N ~ Vqut) ~ 20V 

1.22 

1.25 

1.28 

1.21 

1.25 

1.29 

V 

(Note 2) 

10 mA < Iqut 10A, P < Pmax 

Full Temperature Range 








Line Regulation 

V MIN ^ ( V IN “ v OUT) ^ 20V 


0.005 

0.01 


0.005 

0.02 

%/v 

(Note 3) 

Full Temperature Range 



0.05 



0.05 

%/v 

Load Regulation 

10 mA < louT — 10A 



0.1 



0.1 

%/v 

LM196/LM396 

Vmin ^ V| N - Vqut ^ iov, p ^ P MAX 








(Note 4) 

Full Temperature Range 



0.15 



0.15 

%/A 

Ripple Rejection 

C ADJ = 25 jaF, f = 120 Hz 

60 

74 


66 

74 


dB 

(Note 5) 

Full Temperature Range 

54 



54 



dB 

Thermal Regulation 
(Note 6) 

V|N - Vqut = 5V, louT = 10A 


0.003 

0.005 


0.003 

0.015 

%/W 

Average Output Voltage 

TjMIN ^ T j ^ Tj MA X 


0.003 



0.003 


%/°C 

Temperature Coefficient 

(See Curves for Limits) 








Adjustment Pin Current 



50 

100 


50 

100 

juA 

Adjustment Pin Current 

10 mA < louT ^ 10A 



3 



3 

fJL A 

Change (Note 7) 

3V < V| N - Vqut * 20V 

P ^ Pmax. Full Temperature Range 








Minimum Load Current 

2.5V < (V| N - Vqut) £ 20V 



10 



10 

mA 

(Note 9) 

Full Temperature Range 








Current Limit 

2.5 ^ (V| N - Vqut < 7V 

10 

14 

20 

10 

14 

20 

A 

(Note 8) 

V|N “ VoUT = 20V 

1.5 

3 

8 

1.5 

3 

8 

A 

Rms Output Noise 

10 Hz < f < 10 kHz 


0.001 



0.001 


%V 0U T 

Long Term Stability 

Tj = 125°C, t = 1000 Hours 


0.3 

1.0 


0.3 

1.0 

% 

Thermal Resistance 

Control Circuitry 


0.3 

0.5 


0.3 

0.5 

°c/w 

Junction to Case 
(Note 10) 

Power Transistor 


1.0 

1.2 


1.0 

1.2 

°c/w 
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Electrical Characteristics (Note d (continued) 


Parameter 

Conditions 

LM196 

LM396 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Power Dissipation (Pmax) 

7.0 v ^ V| N - Vqut ^ 12V 

70 

100 


70 

100 


W 

(Note 11) 

V|N-V 0U T= 15V 

50 



50 



W 


Vin - Vout = 18V 

36 



36 



w 

Drop-Out Voltage 

•out = 10A, 


2.1 

2.5 


2.1 

2.5 

V 

LM196/LM396 

Full Temperature Range 



2.75 



2.75 



Note 1: Unless otherwise stated, these specifications apply for Tj = 25°C, Vin - Vout = 5V, Iqut = 10 mA to 10A. 

Note 2: This is a worst-case specification which includes all effects due to input voltage, output current, temperature, and power dissipation. Maximum power 
(Pmax) is specified under Electrical Characteristics. 


Note 3: Line regulation is measured on a short-pulse, low-duty-cycle basis to maintain constant junction temperature. Changes in output voltage due to thermal 
gradients or temperature changes must be taken into account separately. See discussion of Line Regulation under Application Hints. 

Note 4: Load regulation on the 2-pin package is determined primarily by the voltage drop along the output pin. Specifications apply for an external Kelvin sense 
connnection at a point on the output pin %" from the bottom of the package. Testing is done on a short-pulse-width, low-duty-cycle basis to maintain constant 
junction temperature. Changes in output voltage due to thermal gradients or temperature changes must be taken into account separately. See discussion of Load 
Regulation under Application Hints. 

Note 5: Ripple rejection is measured with the adjustment pin bypassed with 25 jttF capacitor, and is therefore independent of output voltage. With no load or 
bypass capacitor, ripple rejection is determined by line regulation and may be calculated from; RR = 20 logio [1 00/(K x Vout)] where K is line regulation 
expressed in %/V. At frequencies below 100 Hz, ripple rejection may be limited by thermal effects, if load current is above 1 A. 

Note 6: Thermal regulation is defined as the change in output voltage during the time period of 0.2 ms to 20 ms after a change in power dissipation in the regulator, 
due to either a change in input voltage or output current. See graphs and discussion of thermal effects under Application Hints. 

Note 7: Adjustment pin current change is specified for the worst-case combination of input voltage, output current, and power dissipation. Changes due to 
temperature must be taken into account separately. See graph of adjustment pin current vs temperature. 

Note 8: Current limit is measured 1 0 ms after a short is applied to the output. DC measurements may differ slightly due to the rapidly changing junction temperature, 
tending to drop slightly as temperature increases. A minimum available load current of 10A is guaranteed over the full temperature range as long as power 
dissipation does not exceed 70W, and V|n - Vout > s less than 7.0V. 

Note 9: Minimum load current of 10 mA is normally satisfied by the resistor divider which sets up output voltage. 

Note 10: Total thermal resistance, junction-to-ambient, will include junction-to-case thermal resistance plus interface resistance and heat sink resistance. See 
discussion of Heat Sinking under Application Hints. 

Note 11: Although power dissipation is internally limited, electrical specifications apply only for power dissipation up to the limits shown. Derating with temperature 
is a function of both power transistor temperature and control area temperature, which are specified differently. See discussion of Heat Sinking under Application 
Hints. For V|n - Vout less than 7V, power dissipation is limited by current limit of 10A. 

Note 12: Dropout voltage is input-output voltage differential measured at a forced reference voltage of 1.15V, with a 10A load, and is a measurement of the 
minimum input/output differential at full load. 


Application Hints 

Further improvements in efficiency can be obtained by using 
Schottky diodes or high efficiency diodes with lower forward 
voltage, combined with larger filter capacitors to reduce rip- 
ple. However, this reduces the voltage difference between 
input and drive pins and may not allow sufficient voltage to 
fully saturate the pass transistor. Special transformers are 
available from Signal Transformer that have a 1 V tap on the 
output winding to provide the extra voltage for the drive pin. 
The transformers are available as standard items for 5V ap- 
plications at 5A, 1 0A and 20A. Other voltages are available 
on special request. 

Heat Sinking 

Because of its extremely high power dissipation capability, 
the major limitation in the load driving capability of the 
LM196 is heat sinking. Previous regulators such as LM109, 
LM340, LM117, etc., had internal power limiting circuitry 
which limited power dissipation to about 30W. The LM196 


is guaranteed to dissipate up to 70W continuously, as long 
as the maximum junction temperature limit is not exceeded. 
This requires careful attention to all sources of thermal re- 
sistance from junction-to-ambient, including junction-to- 
case resistance, case-to-heat sink interface resistance 
(0.1 -1 .0°C/W), and heat sink resistance itself. A good ther- 
mal joint compound such as Wakefield type 1 20 or Thermal- 
loy Thermocote must be used when mounting the LM196, 
especially if an electrical insulator is used to isolate the reg- 
ulator from the heat sink. Interface resistance without this 
compound will be no better than 0.5°C/W, and probably 
much worse. With the compound, and no insulator, interface 
resistance will be 0.2°C/W or less, assuming 0.005" or less 
combined flatness run-out of TO-3 and heat sink. Proper 
torquing of the mounting bolts is important to achieve mini- 
mum thermal resistance. Four to six inch pounds is recom- 
mended. Keep in mind that good electrical, as well as ther- 
mal, contact must be made to the case. 
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Application Hints (Continued) 

The actual heat sink chosen for the LM196 will be deter- 
mined by the worst-case continuous full load current, input 
voltage and maximum ambient temperature. Overload or 
short circuit output conditions do not normally have to be 
considered when selecting a heat sink because the thermal 
shutdown built into the LM196 will protect it under these 
conditions. An exception to this is in situations where the 
regulator must recover very quickly from overload. The 
LM196 may take some time to recover to within specified 
output tolerance following an extended overload, if the regu- 
lator is cooling from thermal shutdown temperature (approx- 
imately 175°) to specified operating temperature (125°C or 
1 50°C). The procedure for heat sink selection is as follows: 
Calculate worst-case continuous average power dissipa- 
tion in the regulator from P = (V !N - Vqut) X (Iout)- To 
do this, you must know the raw power supply voltage/cur- 
rent characteristics fairly accurately. For example, consid- 
er a 10V output with 15V nominal input voltage. At full 
load of 10A, the regulator will dissipate P = (15 — 10) x 
(10) = 50W. If input voltage rises by 10%, power dissipa- 
tion will increase to (16.5 — 10) x (10) = 65W, a 30% 
increase. It is strongly suggested that a raw supply be 
assembled and tested to determine its average DC output 
voltage under full load with maximum line voltage. Do not 
over-design by using unloaded voltage as a worst-case, 
since the regulator will not be dissipating any power under 
no load conditions. Worst-case regulator dissipation nor- 
mally occurs under full load conditions except when the 
effective DC resistance of the raw supply (AV/AI) is larg- 
er than (V|n* - VouT)/2lfi_, where V|n* is the lightly-load- 
ed raw supply voltage and lf|_ is full load current. For (Vin* 
_ v OUT) = 5 V - 8 V, and lf|_ = 5A-10A, this gives a 
resistance of 0.25ft to 0,8ft. If raw supply resistance is 
higher than this, the regulator power dissipation may be 
less at full load current, then at some intermediate cur- 
rent, due to the large drop in input voltage. Fortunately, 
most well designed raw supplies have low enough output 
resistance that regulator dissipation does maximize at full 
load current, or very close to it, so tedious testing is not 
usually required to find worst-case power dissipation. 

A very important consideration is the size of the filter capac- 
itor in the raw supply. At these high current levels, capacitor 
size is usually dictated by ripple current ratings rather than 
just obtaining a certain ripple voltage. Capacitor ripple cur- 
rent (rms) is 2-3 times the DC output current of the filter. If 
the capacitor has just 0.05ft DC resistance, this can cause 
30W internal power dissipation at 10A output current. Ca- 
pacitor life is very senesitive to operating temperature, de- 
creasing by a factor of two for each 15°C rise in internal 
temperature. Since capacitor life is not all that great to start 
with, it is obvious that a small capacitor with a large internal 
temperature rise is inviting very short mean-time-to-failure. 
A second consideration is the loss of usable input voltage to 
the regulator. If the capacitor is small, the large dips in the 
input voltage may cause the LM196 to drop out of regula- 
tion. 2000 jaF per ampere of load current is the minimum 
recommended value, yielding about 2 Vp-p ripple of 120 Hz. 
Larger values will have longer life and the reduced ripple will 
allow lower DC input voltage to the regulator, with subse- 


quent cost savings in the transformer and heat sink. Some- 
times several capacitors in parallel are better to decrease 
series resistance and increase heat dissipating area. 

After the raw supply characteristics have been determined, 
and worst-case power dissipation in the LM196 is known, 
the heat sink thermal resistance can be found from the 
graphs titled Maximum Heat Sink Thermal Resistance. 
These curves indicate the minimim size heat sink required 
as a function of ambient temperature. They are derived from 
a case-to-control area thermal resistance of 0.5°C/W and a 
case-to-power transistor thermal resistance of 1.2°C/W. 
0.2°C/W is assumed for interface resistance. A maximum 
control area temperature of 150°C is used for the LM196 
and 1 25°C for the LM396. Maximum power transistor tem- 
perature is 200°C for the LM196 and 175°C for the LM396. 
For conservative designs, it is suggested that when using 
these curves, you assume an ambient temperature 25°C- 
50°C higher than is actually anticipated, to avoid running the 
regulator right at its design limits of operating temperature. 
A quick look at the curves show that heat sink resistance 
(0sa) will normally fall into the range of 0.2°C/W-1.5°C/W. 
These are not small heat sinks. A model 441 , for instance, 
which is sold by several manufacturers, has a 0 sa of 
0.6°C/W with natural convection and is about five inches on 
a side. Smaller sinks are more volumetrically efficient, and 
larger sinks, less so. A rough formula for estimating the vol- 
ume of heat sink required is: V = 5O/0SA 1,5 CU. IN. This 
holds for natural convection only. If the heat sink is inside a 
small sealed enclosure, 0 sa will increase substantially be- 
cause the air is not free to form natural convection currents. 
Fan-forced convection can reduce 0 $a by a factor of two at 
200 FPM air velocity, and by four at 1000 FPM. 

Ripple Rejection 

Ripple rejection at the normal ripple frequency of 120 Hz is 
a function of both electrical and thermal effects in the 
LM1 96. If the adjustment pin is not bypassed with a capaci- 
tor, it is also dependent on output voltage. A 25 jaF capaci- 
tor from the adjustment pin to ground will make ripple rejec- 
tion independent of output voltage for frequencies above 
100 Hz. If lower ripple frequencies are encountered, the ca- 
pacitor should be increased proportionally. 

To keep in mind that the bypass capacitor on the adjust- 
ment pin will limit the turn-on time of the regulator. A 25 jutF 
capacitor, combined with the output divider resistance, will 
give an extended output voltage settling time following the 
application of input power. 

Load Regulation (LM196/LM396) 

Because the LM196 is a three-terminal device, it is not pos- 
sible to provide true remote load sensing. Load regulation 
will be limited by the resistance of the output pin and the 
wire connecting the regulator to the load. For the data sheet 
specification, regulation is measured 1 /4" from the bottom 
of the package on the output pin. Negative side sensing is a 
true Kelvin connection, with the bottom of the output divider 
returned to the negative side of the load. 
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Application Hints (Continued) 

Although it may not be immediately obvious, best load regu- 
lation is obtained when the top of the divider is connected 
directly to the output pin, not to the load. This is illustrated in 
Figure 2. If R1 were connected to the load, the effective 
resistance between the regulator and the load would be 
/r> i / R2 + R1\ 

(Rw) x (-rH 

Rw = Line Resistance 

Connected as shown, Rw is not multiplied by the divider 
ratio. Rw is about 0.004a per foot using 16 gauge wire. This 
translates to 40 mV/ft at 10A load current, so it is important 
to keep the positive lead between regulator and load as 
short as possible. 


Rw 



TL/H/9059-2 

FIGURE 2. Proper Divider Connection 

The input resistance of the sense pin is typically 6 ka, mod- 
eled as a resistor between the sense pin and the output pin. 
Load regulation will start to degrade if a resistance higher 
than 10a is inserted in series with the sense. This assumes 
a worst-case condition of 0.5V between output and sense 
pins. Lower differential voltage will allow higher sense series 
resistance. 

Thermal Load Regulation 

Thermal, as well as electrical, load regulation must be con- 
sidered with 1C regulators. Electrical load regulation occurs 
in microseconds, thermal regulation due to die thermal gra- 
dients occurs in the 0.2 ms-20 ms time frame, and regula- 
tion due to overall temperature changes in the die occurs 
over a 20 ms to 20 minute period, depending on the time 
constant of the heat sink used. Gradient induced load regu- 
lation is calculated from 

AVqut = (Vin ~ V 0 ut) x (AIout) x (P) 

P — Thermal regulation specified on data sheet. 

For V|n = 9V, Vout = 5V, AIqut == 10A, and p = 
0.005%/W, this yields a 0.2% change in output voltage. 
Changes in output voltage due to overall temperature rise 
are calculated from 

Vqut = (Vin~ Vout) x (AIqut) x (TC) x (0 jA ) 


TC = Temperature coefficient of output voltage. 

0jA = Thermal resistance from junction to ambient. 9 j A is 
approximately 0.5°C/W + 0 of heat sink. 

For the same conditions as before, with TC = 0.003%/°C, 
and 0j A = 1.5°C/W, the change in output voltage will be 
0.18%. Because these two thermal terms can have either 
polarity, they may subtract from, or add to, electrical load 
regulation. For worst-case analysis, they must be assumed 
to add. If the output of the regulator is trimmed under load, 
only that portion of the load that changes need be used in 
the previous calculations, significantly improving output ac- 
curacy. 

Line Regulation 

Electrical line regulation is very good on the LM1 96— typi- 
cally less than 0.005% change in output voltage for a IV 
change in input. This level of regulation is achieved only for 
very low load currents, however, because of thermal ef- 
fects. Even with a thermal regulation of 0.002%. W, and a 
temperature coefficient of 0.003% /°C, DC line regulation 
will be dominated by thermal effects as shown by the follow- 
ing example: 

Assume Vout = 5V, Vin = 9V, Iout = 8A 
Following a 10% change in input voltage (0.9), the output 
will change quickly (^100 jus), due to electrical effects, by 
(0.005%V) X (0.9V) = 0.0045%. In the next 20 ms, the 
output will change an additional (0.002%/W) x (8A) X 
(0.9V) = 0.0144% due to thermal gradients across the die. 
After a much longer time, determined by the time constant 
of the heat sink, the output will change an additional 
(0.003%/°C) X (8A) X (0.9V) X (2°C/W) = 0.043% due to 
the temperature coefficient of output voltage and the ther- 
mal resistance from die to ambient. (2°C/W was chosen for 
this calculation). The sign of these last two terms varies 
from part to part, so no assumptions can be made about any 
cancelling effects. All three terms must be added for a prop- 
er analysis. This yields 0.0045 + 0.0144 + 0.043 = 
0.062% using typical values for thermal regulation and tem- 
perature coefficient. For worst-case analysis, the maximum 
data sheet specifications for thermal regulation and temper- 
ature coefficient should be used, along with the actual ther- 
mal resistance of the heat sink being used. 

Paralleling Regulators 

Direct paralleling of regulators is not normally recommend- 
ed because they do not share currents equally. The regula- 
tor with the highest reference voltage will supply all the cur- 
rent to the load until it current limits. With an 18A load, for 
instance, one regulator might be operating in current limit at 
16A while the second device is only carrying 2A. Power dis- 
sipation in the high current regulator is extremely high with 
attendant high junction temperatures. Long term reliability 
cannot be guaranteed under these conditions. 
Quasi-paralleling may be accomplished if load regulation is 
not critical. The connection shown in Figure 5a will typically 
share to within 1A, with a worst-case of about 3A. Load 
regulation is degraded by 150 mV at 20A loads. An external 
op amp may be used as in Figure 5b to improve load regula- 
tion and provide remote sensing. 
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Application Hints (Continued) 

Input and Output Capacitors 

The LM196 will tolerate a wide range of input and output 
capacitance, but long wire runs or small values of output 
capacitance can sometimes cause problems. If an output 
capacitor is used, it should be 1 juF or larger. We suggest 1 0 
juF solid tantalum if significant improvements in high fre- 
quency output impedance are needed (see output imped- 
ance graph). This capacitor should be as close to the regu- 
lator as possible, with short leads, to reduce the effects of 
lead inductance. No input capacitor is needed if the regula- 
tor is within 6 inches of the power supply filter capacitor, 
using 18 gauge stranded wire. For longer wire runs, the 
LM196 input should be bypassed locally with a 4.7 juF (or 
larger) solid tantalum capacitor, or a 100 jllF (or larger) alu- 
minum electrolytic capacitor. 

Correcting for Output Wire Losses (LM196/LM396) 

Three-terminal regulators can only provide partial Kelvin 
load sensing (see Load Regulation). Full remote sensing 
can be added by using an external op amp to cancel the 
effect of voltage drops in the unsensed positive output lead. 
In Figure 7, the LM301A op amp forces the voltage loss 
across the unsensed output lead to appear across R3. The 
current through R3 then flows out the V~ pin of the op amp 
through R4. The voltage drop across R4 will raise the output 
voltage by an amount equal to the line loss, just cancelling 
the line loss itself. A small (= 40 mV) initial output voltage 
error is created by the quiescent current of the op amp. 
Cancellation range is limited by the maximum output current 
of the op amp, about 300 mV as shown. This can be raised 
by increasing R3 or R4 at the expense of more initial output 
error. 

Transformers and Diodes 

Proper transformer ratings are very important in a high cur- 
rent supply because of the conflicting requirements of effi- 
ciency and tolerance to low-line conditions. A transformer 
with a high secondary voltage will waste power and cause 
unnecessary heating in the regulator. Too low a secondary 
voltage will cause loss of regulation under low-line condi- 
tions. The following formulas may be used to calculate the 
required secondary voltage and current ratings using a full- 
wave center tap: 

v/ _ / V OUT + VreG + VreCT + Vripple^ 

V rms - ^ jf j 

S (<”’•) 

•rms = (•out) (1-2) (Full-wave center tap) 

where: 

v out = DC regulated output voltage 
Vreg = Minimum input-output voltage of regulator 
V RECT = Rectifier forward voltage drop at three times DC 
output current 

Vripple = 1 /2 peak-to-peak capacitor ripple voltage 
(5.3 X 10-3) (| 0UT ) 

2C 

*The factor of 1.1 is only an approximate factor accounting for load regula- 
tion of the transformer. 


v NOM = Nominal line voltage AC rms 
Vlow = Low line voltage AC rms 
Iout = DC output current 
Example: Iout = 10A, Vout = 5V 
Assume: V RE g = 2.2V, V RECT - 1.2V 

Vripple = 2 Vp-p, v N0M = 115V, 
Vlow = 105V 


-(■ 


5 + 2.2 + 1.2 + 


£ 




1.1 


— 8.01 V rms 

(5.3 X 10-3) (| 0UT ) 


Capacitor C 


2 x Vripple 
(5.3 X 10-3)(10) 


= 26,500 juF 


The diodes used in a full-wave rectified capacitor input sup- 
ply must have a DC current rating considerably higher than 
the average current flowing through them. In a 10A supply, 
for instance, the average current through each diode is only 
5A, but the diodes should have a rating of 10A-15A. There 
are many reasons for this, both thermal and electrical. The 
diodes conduct current in pulses about 3.5 ms wide with a 
peak value of 5-8 times the average value, and an rms 
value 1 .5-2.0 times the average value. This results in long 
term diode heating roughly equivalent to 10A DC current. 
The most demanding condition however, may be the one 
cycle surge through the diode during power turn on. The 
peak value of the surge is about 10-20 times the DC output 
current of the supply, or 100A-200A for a 10A supply. The 
diodes must have a one cycle non-repetitive surge rating of 
200A or more, and this is usually not found in a diode with 
less than 10A average current rating. Keep in mind that 
even though the LM196 may be used at current levels be- 
low 1 0A, the diodes may still have to survive shorted output 
conditions where average current could rise to 12A-15A. 
Smaller transformers and filter capacitors used in lower cur- 
rent supplies will reduce surge currents, but unless specific 
information is available on worst-case surges, it is best not 
to economize on diodes. Stud-mounted devices in a DO-4 
package are recommended. Cathode-to-case types may be 
bolted directly to the same heat sink as the LM196 because 
the case of the regulator is its power input. Part numbers to 
consider are the INI 200 series rated at 12A average cur- 
rent in a DO-4 stud package. Additional types include com- 
mon cathode duals in a TO-3 package, both standard and 
Schottky, and various duals in plastic filled assemblies. 
Schottky diodes will improve efficiency, especially in low 
voltage applications. In a 5 V supply for instance, Schottky 
diodes will decrease wasted power by up to 6W, or alterna- 
tively provide an additional 5% “drop out” margin for low- 
line conditions. Several manufacturers are producing “high 
efficiency” diodes with a forward voltage drop nearly as 
good as Schottkys at high current levels. These devices do 
not have the low breakdown voltages of Schottkys, so are 
much less prone to reverse breakdown induced failures. 
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THERMAL RESISTANCE (°C/W) OUTPUT CURRENT (A) CHANGE IN REFERENCE VOLTAGE {%) 


Typical Performance Characteristics 
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OUTPUT CURRENT (A) 


*V|n is reduced until output drops 2% 


Minimum Input-Output 
Differential* 



-50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 

TL/H/9059-3 

*V|n is reduced until output drops 2% 


Current Limit 


.MEASURED 100 ms_ 
AFTER SHORT IS 
-APPLIED 


/GUARANTEED _ 
! MINIMUM 


5 10 15 20 25 

INPUT-OUTPUT DIFFERENTIAL (V) 


Maximum Power 
Dissipation* 



0 30 60 90 120 

CASE TEMPERATURE (°C) 


*As limited by maximum junction temperature. 


Maximum Heat Sink 
Thermal Resistance* 


rnv 


0 20 40 60 80 100 120 

POWER DISSIPATION (W) 

TL/H/9059-4 

*See “Heat Sinking” under Applications Hints. 
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*See “Heat Sinking” under Application Hints. 
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Typical Performance Characteristics (Continued) 
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‘With no adjustment pin bypass. For output volt- 
ages other than 5V, multiply vertical scale by 
VoinV5. 
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Typical Performance Characteristics (Continued) 


Load Transient Response* 
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*With no adjustment pin bypass. For output volt- 
ages other than 5V, multiply vertical scale by 
Vqut/5. 


Typical Applications (Continued) 



TL/H/9059-10 


*Regulation can be improved by adding an LM336 reference diode to increase the effective reference 
voltage to 3.75V. Load and line regulation are improved by 3:1, including thermal effects. 

FIGURE 3. Improving Regulation* 



*R3 is selected to supply partial load current. Therefore, a minimum load 
must always be maintained to prevent the regulated output from rising un- 
controlled. R3 must be greater than (Vmax - VoutVImin. where Vmax is 
worst-case high input voltage, and Imin is the minimum load current. R3 
must be rated for at least (Vin - Vout) 2/R3 watts. Regulator power dissipa- 
tion will be reduced by a factor of 2-3 in a typical situation where minimum 
load current is 1/2 full load current. Regulator dissipation will peak at: 


(R3)(Iout) 
Vin ; 


+ VouT 


and will be equal to: 

p max = ( R Mout) A Ssum j n g. (R3)(I 0 ut) ^ Vmax ~ Vout 
4 

A few words of caution; (1) R3 power rating must be increased to (Vmax) 2 / 
R3 if continuous output shorts are possible. (2) Under normal load condi- 
tions, system power dissipation is not changed, but under short circuit condi- 
tions system power dissipation increases by (V|n) 2 /R3 watts over the al- 
ready high power of a shorted regulator. The LM196 will not be harmed and 
neither will R3 if it is rated properly, but the raw supply components must be 
able to withstand the overload also. Thermal shutdown of the LM196 will 
probably occur for sustained shorts, somewhat alleviating the problem. 


FIGURE 4. Reducing Regulator Power Dissipation 
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Typical Applications (Continued) 




TL/H/9059-13 

*2 feet of #18 CU wire 

! Total voltage drop across output wire and connector should not exceed 0.3V 

FIGURE 5b 


MASTER SLAVE 1 SLAVE N 



TL/H/9059-14 


Output will be within ±20 mV at 25°C, no load. Regulation of tracking units is improved by Vout/ 1-25 compared to a normal connection. 
Regulation of master unit is unchanged. Load or input voltage changes on slave units do not affect other units, but all units will be affected 
by changes on master. A short on any output will cause all other outputs to drop to approximately 2V. 

FIGURE 6. Tracking Regulators 


1-160 







Typical Applications (Continued) 



FIGURE 7. Correcting for Line Losses 


TL/H/9059-15 


STANDARD NPN POWER NPN 



TL/H/9059-16 

Power NPS have low collecter resistance, and do not require collector bond wires. Collectors are all common to substrate. 

Standard NPNs are still isolated. 


FIGURE 8. Process Technology 


Connection Diagram 


Metal Can Package 



Order Number LM196K STEEL or LM396K STEEL 
See NS Package Number K02B 
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* Drive is tied to V|n and sense is tied to Vqut on LM1 96 and LM396. 


TL/H/9059-17 


Schematic Diagi 




National 

Semiconductor 

Corporation 


LM317L 3-Terminal Adjustable Regulator 


General Description 

The LM317L is an adjustable 3-terminal positive voltage 
regulator capable of supplying 100 mA over a 1.2V to 37V 
output range. It is exceptionally easy to use and requires 
only two external resistors to set the output voltage. Further, 
both line and load regulation are better than standard fixed 
regulators. Also, the LM317L is available packaged in a 
standard TO-92 transistor package which is easy to use. 

In addition to higher performance than fixed regulators, the 
LM317L offers full overload protection. Included on the chip 
are current limit, thermal overload protection and safe area 
protection. All overload protection circuitry remains fully 
functional even if the adjustment terminal is disconnected. 

Features 

■ Adjustable output down to 1 .2V 
b Guaranteed 100 mA output current 
B Line regulation typically 0.01 %V 
B Load regulation typically 0.1% 
b Current limit constant with temperature 
a Eliminates the need to stock many voltages 
b Standard 3-lead transistor package 
B 80 dB ripple rejection 
B Output is short circuit protected 
Normally, no capacitors are needed unless the device is 
situated more than 6 inches from the input filter capacitors 
in which case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. The 
adjustment terminal can be bypassed to achieve very high 
ripple rejection ratios which are difficult to achieve with stan- 
dard 3-terminal regulators. 


Besides replacing fixed regulators, the LM317L is useful in a 
wide variety of other applications. Since the regulator is 
“floating” and sees only the input-to-output differential volt- 
age, supplies of several hundred volts can be regulated as 
long as the maximum input-to-output differential is not ex- 
ceeded. 

Also, it makes an especially simple adjustable switching reg- 
ulator, a programmable output regulator, or by connecting a 
fixed resistor between the adjustment and output, the 
LM317L can be used as a precision current regulator. Sup- 
plies with electronic shutdown can be achieved by clamping 
the adjustment terminal to ground which programs the out- 
put to 1 .2V where most loads draw little current. 

The LM317L is available in a standard TO-92 transistor 
package and the SO-8 package. The LM317L is rated for 
operation over a -25°C to 125°C range. 


Connection Diagram 



BOTTOM VIEW 

TL/H/9064-4 

Order Number LM317LZ 
See NS Package 
Number Z03A 


V#| 

V 0UT 

V 0UT 

ADJ 


TL/H/9064-5 



Order Number LM317LM 
See NS Package 
Number M08A 


Typical Applications 


1.2V-25V Adjustable Regulator 


LM317L 



Full output current not available at high input-out- 
put voltages 

TOptional— improves transient response 
’‘Needed if device is more than 6 inches from 
filter capacitors 

ttVouT = 1-25V ^1 + + Iadj(R2) 


Fully Protected (Bulletproof) 
Lamp Driver 

28V 



Lamp Flasher 



cycle 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Storage Temperature -55°Cto + 150°C 

contact the National Semiconductor Sales Office/ Lead Temperature (Soldering, 4 seconds) 260°C 

Distributors for availability and specifications. Output js Short Circuit pro , ected 

Power Dissipation Internally Limited ESD rating to be determined. 

Input-Output Voltage Differential 40V 

Operating Junction Temperature Range - 40°C to + 1 25°C 

Electrical Characteristics (Notei) 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Line Regulation 

Tj = 25°C, 3V ^ (V| N - Vqut) ^ 40V, l L £ 20 mA (Note 2) 


0.01 

0.04 

%/V 

Load Regulation 

Tj = 25°C, 5 mA <1 loUT ^ ImaX» (Note 2) 


0.1 

0.5 

% 

Thermal Regulation 

Tj = 25°C, 10 ms Pulse 


0.04 

0.2 

%/W 

Adjustment Pin Current 



50 

100 

juA 

Adjustment Pin Current Change 

5 mA £ l(_ ^ 100 mA 


0.2 

5 

juA 


3V £ (V| N - Vqut) ^ 40V, P <; 625 mW 





Reference Voltage 

3V <: (V| N - Vqut) ^ 40V, (Note 3) 

1.20 

1.25 

1.30 

V 


5 mA ^ Iqut ^ 100 mA, p ^ 625 mW 





Line Regulation 

3V <: (V| N - Vqut) ^ 40V, l L ^ 20 mA (Note 2) 


0.02 

0.07 

%/V 

Load Regulation 

5 mA ^ Iqut ^ 100 mA, (Note 2) 


0.3 

1.5 

% 

Temperature Stability 

T M IN ^ T j ^ T Max 


0.65 


% 

Minimum Load Current 

(V in “ Vqut) ^ 40V 


3.5 

5 

mA 


3V <: (V, N - Vqut) ^ 15V 


1.5 

2.5 


Current Limit 

3V <; (V| N - Vqut) ^ 13V 

100 

200 

300 

mA 


(V| N - Vout) = 40V 

25 

50 

150 

mA 

Rms Output Noise, % of Vout 

Tj = 25°C, lOHz^f ^ 10kHz 


0.003 


% 

Ripple Rejection Ratio 

V 0 ut = 10V, f = 1 20 Hz, C ADJ = 0 


65 


dB 


Cadj = 10 /xF 

66 

80 


dB 

Long-Term Stability 

Tj = 125°C, 1000 Hours 


0.3 

1 

% 

Thermal Resistance 

Z Package 0.4" Leads 


180 


°C/W 

Junction to Ambient 

Z Package 0.125 Leads 


160 


°c/w 


SO-8 Package 


165 


°c/w 

Thermal Rating of SO Package 



165 


°c/w 

Note 1: Unless otherwise noted, these specifications apply: -25°C ^ Tj £ 125°C for the LM317L; V|n - Vqut = 5V and Iqlit = 40 mA. Although power 1 

i dissipation is internally limited, these specifications are applicable for power dissipations up to 625 mW. I^ax is 100 mA - 




Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are 

covered under the specification for thermal regulation. 





Note 3: Thermal resistance of the TO-92 package is 180°C/W junction to ambient with 0.4" leads from a PC board and 160°C/W junction to ambient with 0.125" 

lead length to PC board. 
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IFFERENTIAL (V) OUTPUT VOLTAGE DEVIATION (%) 


Typical Performance Characteristics (Output capacitor = 0 /xF unless otherwise noted.) 


Load Regulation 
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Adjustment Current 
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Application Hints 

In operation, the LM317L develops a nominal 1.25V refer- 
ence voltage, Vref. between the output and adjustment ter- 
minal. The reference voltage is impressed across program 
resistor R1 and, since the voltage is constant, a constant 
current li then flows through the output set resistor R2, giv- 
ing an output voltage of 

VoUT = Vref (l + + Iadj(R2) 

Since the 100 jaA current from the adjustment terminal rep- 
resents an error term, the LM317L was designed to mini- 
mize I adj and make it very constant with line and load 
changes. To do this, all quiescent operating current is re- 
turned to the output establishing a minimum load current 
requirement. If there is insufficient load on the output, the 
output will rise. 


LM317L 



External Capacitors 

An input bypass capacitor is recommended in case the reg- 
ulator is more than 6 inches away from the usual large filter 
capacitor. A 0.1 ju,F disc or 1 jliF solid tantalum on the input 
is suitable input bypassing for almost all applications. The 
device is more sensitive to the absence of input bypassing 
when adjustment or output capacitors are used, but the 
above values will eliminate the possiblity of problems. 

The adjustment terminal can be bypassed to ground on the 
LM317L to improve ripple rejection and noise. This bypass 
capacitor prevents ripple and noise from being amplified as 
the output voltage is increased. With a 10 juF bypass capac- 
itor 80 dB ripple rejection is obtainable at any output level. 
Increases over 10 /xF do not appreciably improve the ripple 
rejection at frequencies above 1 20 Hz. If the bypass capaci- 
tor is used, it is sometimes necessary to include protection 
diodes to prevent the capacitor from discharging through 
internal low current paths and damaging the device. 


In general, the best type of capacitors to use is solid tanta- 
lum. Solid tantalum capacitors have low impedance even at 
high frequencies. Depending upon capacitor construction, it 
takes about 25 julF in aluminum electrolytic to equal 1 jllF 
solid tantalum at high frequencies. Ceramic capacitors are 
also good at high frequencies; but some types have a large 
decrease in capacitance at frequencies around 0.5 MHz. 
For this reason, a 0.01 juF disc may seem to work better 
than a 0.1 /xF disc as a bypass. 

Although the LM317L is stable with no output capacitors, 
like any feedback circuit, certain values of external capaci- 
tance can cause excessive ringing. This occurs with values 
between 500 pF and 5000 pF. A 1 juF solid tantalum (or 25 
jaF aluminum electrolytic) on the output swamps this effect 
and insures stability. 

Load Regulation 

The LM317L is capable of providing extremely good load 
regulation but a few precautions are needed to obtain maxi- 
mum performance. The current set resistor connected be- 
tween the adjustment terminal and the output terminal (usu- 
ally 240ft) should be tied directly to the output of the regula- 
tor rather than near the load. This eliminates line drops from 
appearing effectively in series with the reference and de- 
grading regulation. For example, a 1 5 V regulator with 0.05ft 
resistance between the regulator and load will have a load 
regulation due to line resistance of 0.05ft x l|_. If the set 
resistor is connected near the load the effective line resist- 
ance will be 0.05ft (1 + R2/R1) or in this case, 11.5 times 
worse. 

Figure 2 shows the effect of resistance between the regula- 
tor and 240ft set resistor. 

With the TO-92 package, it is easy to minimize the resist- 
ance from the case to the set resistor, by using two sepa- 
rate leads to the output pin. The ground of R2 can be re- 
turned near the ground of the load to provide remote ground 
sensing and improve load regulation. 


LM317L 



FIGURE 2. Regulator with Line Resistance 
in Output Lead 
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Application Hints (Continued) 

Thermal Regulation 

When power is dissipated in an 1C, a temperature gradient 
occurs across the 1C chip affecting the individual 1C circuit 
components. With an 1C regulator, this gradient can be es- 
pecially severe since power dissipation is large. Thermal 
regulation is the effect of these temperature gradients on 
output voltage (in percentage output change) per watt of 
power change in a specified time. Thermal regulation error 
is independent of electrical regulation or temperature coeffi- 
cient, and occurs within 5 ms to 50 ms after a change in 
power dissipation. Thermal regulation depends on 1C layout 
as well as electrical design. The thermal regulation of a volt- 
age regulator is defined as the percentage change of Vout. 
per watt, within the first 1 0 ms after a step of power is ap- 
plied. The LM317L specification is 0.2%/W, maximum. 

In the Thermal Regulation curve at the bottom of the Typical 
Performance Characteristics page, a typical LM317L’s out- 
put changes only 7 mV (or 0.07% of Vout = -10V) when 
a 1W pulse is applied for 10 ms. This performance is thus 
well inside the specification limit of 0.2%/W X 1 W = 0.2% 
maximum. When the 1W pulse is ended, the thermal regula- 
tion again shows a 7 mV change as the gradients across the 
LM317L chip die out. Note that the load regulation error of 
about 14 mV (0.14%) is additional to the thermal regulation 
error. 

Protection Diodes 

When external capacitors are used with any 1C regulator it is 
sometimes necessary to add protection diodes to pre- 


vent the capacitors from discharging through low current 
points into the regulator. Most 10 ju.F capacitors have low 
enough internal series resistance to deliver 20A spikes 
when shorted. Although the surge is short, there is enough 
energy to damage parts of the 1C. 

When an output capacitor is connected to a regulator and 
the input is shorted, the output capacitor will discharge into 
the output of the regulator. The discharge current depends 
on the value of the capacitor, the output voltage of the regu- 
lator, and the rate of decrease of V|jvj. In the LM317L, this 
discharge path is through a large junction that is able to 
sustain a 2A surge with no problem. This is not true of other 
types of positive regulators. For output capacitors of 25 jllF 
or less, the LM317L’s ballast resistors and output structure 
limit the peak current to a low enough level so that there is 
no need to use a protection diode. 

The bypass capacitor on the adjustment terminal can dis- 
charge through a low current junction. Discharge occurs 
when either the input or output is shorted. Internal to the 
LM317L is a 50ft resistor which limits the peak discharge 
current. No protection is needed for output voltages of 25V 
or less and 10 /xF capacitance. Figure 3 shows an LM317L 
with protection diodes included for use with outputs greater 
than 25 V and high values of output capacitance. 


D1 

1N4002 



TL/H/9064-9 

Vout = 1.25V (i +{^) 'adjR2 

D1 protects against Cl 
D2 protects against C2 
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TL/H/9064-10 


Schematic Diagram 





Typical Applications (Continued) 


Digitally Selected Outputs 

LM317L 



TL/H/9064-1 1 
*Sets maximum Vqut 


Adjustable Current Limiter 



TL/H/9064-1 3 
12 ^ R1 ^ 240 


High Gain Amplifier 


v + 



TL/H/9064-12 


Precision Current Limiter 


LM317L 



VADJ f 


TL/H/9064-1 4 


Slow Turn-On 15V Regulator 

LIW317L 



High Stability 10V Regulator 

LM317L 



Adjustable Regulator with 
Improved Ripple Rejection 


LM317L 



tSolid tantalum TL/H/9064-1 6 

* Discharges Cl if output is shorted to ground 

Adjustable Regulator with Current Limiter 


LM317L 



Short circuit current is approximately 600 mV/R3, or 60 mA (compared to 
LM317LZ’s 200 mA current limit). 

At 25 mA output only 3/4V of drop occurs in R3 and R4. 
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Typical Applications (Continued) 


0V-30V Regulator 
LM317L 


Regulator With 15 mA Short Circuit 
Current 



Full output current not available at high input-out- 
put voltages 


Power Follower 
10V -40V 



Adjusting Multiple On-Card Regulators with Single Control* 



TL/H/9064-22 


100 mA Current Regulator 
LM317L 



1.2V-12V Regulator with Minimum 
Program Current 
LM317L 



50 mA Constant Current Battery 
Charger for Nickel-Cadmium 
Batteries 


V IN |V|N V 0UT 

ADJ 


T 


TL/H/9064-25 
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Typical Applications (Continued) 

5V Logic Regulator with Electronic Shutdown* 
LM317L 



Current Limited 6V Charger 


LM317L 



‘Sets peak current, IpeaK = 0.6V/R1 

'1000 juF is recommended to filter out any input transients. 


Short Circuit Protected 80V Supply 



TL/H/9064-28 











Typical Applications (Continued) 


Tracking Regulator 

V|N 



A1 = LM301A, LM307, or LF13741 only 

R1, R2 = matched resistors with good TC tracking 


Regulator With Trimmable Output Voltage 

V, N (25V TO 40V} 



Trim Procedure: 

— If Vout *s 23.08V or higher, cut out R3 (if lower, don’t cut it out). 

— Then if Vqut is 22.47V or higher, cut out R4 (if lower, don’t). 

— Then if Vout is 22.16V or higher, cut out R5 (if lower, don’t). 

This will trim the output to well within ± 1 % of 22.00 Vqc. without any of the 
expense or uncertainty of a trim pot (see LB-46). Of course, this technique 
can be used at any output voltage level. 


Precision Reference with Short-Circuit Proof Output 



TL/H/9064-33 

*R1 -R4 from thin-film network, 

Beckman 694-3-R2K-D or similar 
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National 

Semiconductor 

Corporation 


LM320L 3-Terminal Negative Regulators 


General Description 

The LM320L series of 3-terminal negative voltage regula- 
tors features fixed output voltages of —5V, -12V, and 
- 1 5V, with output current capabilities in excess of 1 00 mA. 
These devices were designed using the latest computer 
techniques for optimizing the packaged 1C thermal /electri- 
cal performance. The LM320L series, even when combined 
with a minimum output compensation capacitor of 0.1 jaF, 
exhibits an excellent transient response, a maximum line 
regulation of 0.07% Vo/V, and a maximum load regulation 
of 0.01 % V 0 /mA. 

The LM320L series also includes, as self-protection circuit- 
ry: safe operating area circuitry for output transistor power 
dissipation limiting, a temperature independent short circuit 
current limit for peak output current limiting, and a thermal 
shutdown circuit to prevent excessive junction temperature. 
Although designed primarily as fixed voltage regulators, 
these devices may be combined with simple external circuit- 
ry for boosted and/or adjustable voltages and currents. The 
LM320L series is available in the 3-lead TO-92 package. 
For output voltages other than -5V, -12V and -15V, the 
LM137 series provides an output voltage range from - 1 .2V 
to -47V. 


Features 

■ Preset output voltage error is less than ±5% over load, 
line and temperature 

■ LM320L is specified at an output current of 100 mA 

■ Internal short-circuit, thermal and safe operating area 
protection 

■ Easily adjustable to higher output voltages 

■ Maximum line regulation less than 0.07% Vout/V 

■ Maximum load regulation less than 0.01% VouT/rnA 

■ Easily compensated with a small 0.1 jxF output 
capacitor 


Device 

Package 

Rated 

Power 

Dissipation 

Design 

Output 

Current 

LM320L 

TO-92 

0.6W 

0.1A 


Connection Diagram 


TO-92 Plastic Package (Z) 



Order Number LM320LZ-5.0, 
LM320LZ-12 or LM320LZ-15 
See NS Package Number Z03A 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Input Voltage 

VoUT = ~ 5V 1 2V and 1 5 V - 35V 

Internal Power Dissipation 

(Notes 1 and 3) Internally Limited 


Operating Temperature Range 
Maximum Junction Temperature 
Storage Temperature Range 
Molded TO-92 
Lead Temperature 
(Soldering, 10 sec.) 


0°C to + 70°C 
+ 1 25°C 

- 55°C to + 1 50°C 

260°C 


Electrical Characteristics (Note 2) Ta = 0°C to +70°C unless otherwise noted. 


Output Voltage 

— 5V 

-12V 

-15V 

Units 

Input Voltage (unless otherwise noted) 

-10V 

-17V 

-20 V 

Symbol 

Parameter 

Conditions 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Vo 

Output Voltage 

Tj = 25°C, l 0 = 100mA 

00 

1 

LO 

1 

CVJ 

in 

1 

-12.5 -12 -11.5 

-15.6 -15 -14.4 

V 

1 mA ^ lo ^ 100 mA 
Vmin ^ V| N ^ V M ax 

-5.25 -4.75 

(-20 ^ V| N <; -7.5) 

-12.6 -11.4 

(-27 <: V| N £ -14.8) 

-15.75 -14.25 

(-30 <: V| N <: -18) 

1 mA ^ lo ^ 40 mA 
Vmin ^ V !N ^ V M ax 

-5.25 -4.75 

(-20 <; V| N ^ -7) 

-12.6 -11.4 

(-27 ^ V| N <; -14.5) 

-15.75 -14.25 

(-30 ^ V| N <: -17.5) 

AV 0 

Line Regulation 

Tj = 25°C, l 0 = 100mA 
Vmin ^ V| N ^ V M ax 

60 

(-20 <; V| N <; -7.3) 

45 

(-27 ^ V| N <: -14.6) 

45 

(-30 <: V| N <; -17.7) 

mV 

V 

Tj = 25°C, l 0 = 40 mA 

Vmin ^ V| N ^ v M ax 

60 

("20 £ v, N <; -7) 

45 

(-27 <; V| N ^ -14.5) 

45 

(-30 ^ V| N ^ -17.5) 

mV 

V 

AV 0 

Load Regulation 

Tj = 25° C 

1 mA ^ lo ^ 100 mA 

50 

100 

125 

mV 

AV 0 

Long Term Stability 

Iq = 100 mA 

20 

48 

60 

mV/khr 

•q 

Quiescent Current 

Iq = 100 mA 

2 6 

2 6 

2 6 

mA 

AIq 

Quiescent Current 
Change 

1 mA ^ Iq ^ 100 mA 

0.3 

0.3 

0.3 

mA 

1 mA ^ Iq ^ 40 mA 

0.1 

0.1 

0.1 

Iq = 100 mA 

Vmin ^ v in ^ Vmax 

0.25 

(-20 <: V| N ^ -7.5) 

0.25 

(-27 ^ Vin ^ -14.8) 

0.25 

(-30 ^ V| N ^ -18) 

<1 

V n 

Output Noise Voltage 

Tj = 25°C, l 0 = 100mA 
f = 10 Hz-10 kHz 

40 

96 

120 

pv 

AV, n 

AV 0 

Ripple Rejection 

Tj = 25°C, l 0 = 100 mA 
f = 120 Hz 

50 

52 

50 

dB 


Input Voltage 
Required to Maintain 
Line Regulation 

Tj = 25°C 

1 o = 100 mA 

Iq = 40 mA 

-7.3 

-7.0 

-14.6 

-14.5 

-17.7 

-17.5 

V 


Note 1: Thermal resistance of Z package is typically 60°C/W 0jq, 232°C/W 0^ at still air, and 88°C/W at 400 ft/min of air. The maximum junction temperature shall 
not exceed 125°C on electrical parameters. 

Note 2: To ensure constant junction temperature pulse testing is used. 
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LM320L 


Typical Performance Characteristics 


Maximum Average Power 


Dissipation (TO-92) 



Peak Output Current 



Dropout Voltage 



Ripple Rejection 



Short Circuit Output 
Current 

0-25 | 1 — 1 — 


0.25 


T,= 0°C 

4 = 5 ^ 


W : 

= o°c 

0.20 

0.15 

0.10 

0.05 


Tj = 25°C^ 





V 

= 125 




S 








0 









0 -5 -10 -15 -20 -25 -30 -35 

INPUT VOLTAGE (V) 

Output Voltage vs 
Temperature (Normalized 



0 25 50 75 100 125 

Tj - JUNCTION TEMPERATURE (°C) 


Quiescent Current 










= o°c 

— 





T j 

— 

— 

— 


'"'7 

F— 

= 25°C 

h— 





| 





125°( 







V, 


5V 




•out - ^0 


-5 -10 -15 -20 -25 -30 -35 

INPUT VOLTAGE (V) 


Output Impedance 



FREQUENCY (Hz) 


TL/H/7821 -2 
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National 

Semiconductor 

Corporation 


LM330 3-Terminal Positive Regulator 


General Description 

The LM330 5V 3-terminal positive voltage regulator features 
an ability to source 150 mA of output current with an input- 
output differential of 0.6V or less. Familiar regulator features 
such as current limit and thermal overload protection are 
also provided. 

The low dropout voltage makes the LM330 useful for certain 
battery applications since this feature allows a longer bat- 
tery discharge before the output falls out of regulation. For 
example, a battery supplying the regulator input voltage may 
discharge to 5.6V and still properly regulate the system and 
load voltage. Supporting this feature, the LM330 protects 
both itself and regulated systems from negative voltage in- 
puts resulting from reverse installations of batteries. 

Other protection features include line transient protection 
up to 26V, when the output actually shuts down to avoid 
damaging internal and external circuits. Also, the LM330 
regulator cannot be harmed by a temporary mirror-image 
insertion. 


Features 

a Input-output differential less than 0.6V 
B Output current of 150 mA 
a Reverse battery protection 
B Line transient protection 
d Internal short circuit current limit 
a Internal thermal overload protection 
h Mirror-image insertion protection 
b 100% electrical burn-in in the thermal limit 

Voltage Range 

LM33QT-5.0 5V 


Schematic and Connection Diagrams 



TL/H/9306-1 


(TO-220) 
Plastic Package 


o 



OUTPUT 

GND 

INPUT 


Front View 


TL/H/9306-2 


Order Number LM330T-5.0 
See NS Package Number T03B 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Input Voltage 

Operating Range 26V 

Line T ransient Protection (1 000 ms) 40V 

Electrical Characteristics (Notei) 


Internal Power Dissipation Internally Limited 

Operating Temperature Range 0°C to + 70°C 

Maximum Junction Temperature + 125°C 

Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) + 300°C 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V 0 

Output Voltage 

Tj = 25°C 

4.8 

5 

5.2 



Output Voltage 

5 < l 0 < 150mA 

4.75 


5.25 

V 


Over Temp 

6 < V| N < 26V; 0°C < Tj ^ 100°C 



AV 0 

Line Regulation 

9 < V|n < 16V, i 0 =5mA 


7 

25 




6 < V| N < 26V, l 0 =5mA 


30 

60 

mV 


Load Regulation 

5 < l 0 < 150 mA 


14 

50 



Long Term Stability 



20 


mV/ 1000 hrs 

>Q 

Quiescent Current 

l 0 = 10 mA 


3.5 

7 




l 0 = 50 mA 


5 

11 




l 0 = 150 mA 


18 

40 

mA 


Line Transient 

V| N = 40V, R L = 100H, Is 


14 




Reverse Polarity 

V| N = — 6V, R|_ = iooa 


-80 



Mq 

Quiescent Current 
Change 

6 < V| N < 26 V 


10 


% 

V|N 

Overvoltage Shutdown 
Voltage 


26 

38 




Max Line Transient 



60 


V 



Is V 0 < 5.5V 


50 



Reverse Polarity 



-30 




Input Voltage 

DC V 0 > -0.3V, R l = 100ft 


-12 




Output Noise Voltage 

10 Hz- 100 kHz 


50 


jaV 


Output Impedance 

l 0 = 100 mADC + 10 mArms 


200 


mO 


Ripple Rejection 



56 


dB 


Current Limit 


150 

400 

700 

mA 


Dropout Voltage 

l 0 = 150 mA 


0.32 

0.6 

V 


Thermal Resistance 

Junction to Case 


4 


°C/W 



Junction to Ambient 


50 



Note 1: Unless otherwise specified: Vin = 14V, l 0 
are measured using pulse techniques (tw ^ 10 ms, 
separately. 


150 mA, Tj = 25°C, Cl = 0.1 ju,F, C2 = 10 /xF. All characteristics except noise voltage and ripple rejection 
duty cycle ^ 5%). Output voltage changes due to changes in internal temperature must be taken into account 
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Typical Performance Characteristics 


Dropout Voltage 



0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Dropout Voltage 



0 50 100 150 200 

OUTPUT CURRENT (mA) 


Low Voltage Behavior 



INPUT VOLTAGE (V) 


High Voltage Behavior 

8 
7 
6 
5 
4 
3 
2 
1 

0 

0 5 10 15 20 25 30 35 40 

INPUT VOLTAGE (V) 



Line Transient Response 



Load Transient Response 



TIME (/is) 



0 5 10 15 20 25 30 

INPUT VOLTAGE (V) 


Quiescent Current 



Quiescent Current 



JUNCTION TEMPERATURE (°C) 



0 10 20 30 

INPUT VOLTAGE (V) 


Ripple Rejection 



1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Ripple Rejection 













































* V 0UT 

= 9V 




f Q = 120 Hz 





OUTPUT CURRENT (mA) 

TL/H/9306-3 
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LM330 


Typical Performance Characteristics (Continued) 



1 10 100 IK 10K 100K 1M 

FREQUENCY (Hz) 


Overvoltage Supply Current 



20 25 30 35 40 

INPUT VOLTAGE (V) 


Reverse Supply Current 



-12 -10 -8 -6 -4 -2 0 


INPUT VOLTAGE (V) 


Output at Reverse Supply 



-12 -10 -8 -6 -4 -2 0 


Output at Overvoltage 



30 35 40 


Output Voltage (Normalized 
to 5V at Tj = 25°C) 



INPUT VOLTAGE (V) 


INPUT VOLTAGE (V) 


JUNCTION TEMPERATURE (°C) 

TL/H/9306-4 


Typical Applications 

The LM330 is designed specifically to operate at lower input 
to output voltages. The device is designed utilizing a power 
lateral PNP transistor which reduces dropout voltage from 
2.0V to 0.3V when compared to 1C regulators using NPN 
pass transistors. Since the LM330 can operate at a much 
lower input voltage, the device power dissipation is reduced, 
heat sinking can be simpler and device reliability im- 


proved through lower chip operating temperature. Also, a 
cost savings can be utilized through use of lower power/ 
voltage components. In applications utilizing battery power, 
the LM330 allows the battery voltage to drop to within 0.3V 
of output voltage prior to the voltage regulator dropping out 
of regulation. 


V IN 

UNREGULATED O- 
INPUT 

Cl 

0.1 mF 


LM330 



V 0UT 

L_ 

GND 


I 


V 0UT 

■f O REGULATED 
OUTPUT 

—LL C2** 


TL/H/9306-5 

* Required if regulator is located far from power supply filter. 

** C2 may be either an Aluminum or Tantalum type capacitor but 
must be rated to operate at -40°C to guarantee regulator stability 
to that temperature extreme. 10 jaF is the minimum value required 
for stability and may be increased without bound. Locate as close 
as possible to the regulation. 


o 



•out ( mA ) 

TL/H/9306-6 


Note: Compared to 1C regulator with 2.0V dropout voltage and 
iQmax* = 6-0 m A- 
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Definition of Terms 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further reduc- 
tion in input voltage. Measured when the output voltage has 
dropped 100 mV from the nominal value obtained at 14V 
input, dropout voltage is dependent upon load current and 
junction temperature. 

Input Voltage: The DC voltage applied to the input termi- 
nals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output volt- 
age for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 


Long Term Stability: Output voltage stability under accel- 
erated life-test conditions after 1000 hours with maximum 
rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage. 
Temperature Stability of V Q : The percentage change in 
output voltage for a thermal variation from room tempera- 
ture to either temperature extreme. 


1 
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National 

Semiconductor 

Corporation 


PRELIMINARY 


LM337L 3-Terminal Adjustable Regulator 


General Description 

The LM337L is an adjustable 3-terminal negative voltage 
regulator capable of supplying 100 mA over a 1.2V to 37V 
output range. It is exceptionally easy to use and requires 
only two external resistors to set the output voltage. Fur- 
thermore, both line and load regulation are better than stan- 
dard fixed regulators. Also, the LM337L is packaged in a 
standard TO-92 transistor package which is easy to use. 

In addition to higher performance than fixed regulators, the 
LM337L offers full overload protection. Included on the chip 
are current limit, thermal overload protection and safe area 
protection. All overload protection circuitry remains fully 
functional even if the adjustment terminal is disconnected. 
Normally, only a single 1 juF solid tantalum output capacitor 
is needed unless the device is situated more than 6 inches 
from the input filter capacitors, in which case an input by- 
pass is needed. A larger output capacitor can be added to 
improve transient response. The adjustment terminal can be 
bypassed to achieve very high ripple rejection ratios which 
are difficult to achieve with standard 3-terminal regulators. 
Besides replacing fixed regulators, the LM337L is useful in a 
wide variety of other applications. Since the regulator is 
“floating” and sees only the input-to-output differential volt- 
age, supplies of several hundred volts can be regulated as 
long as the maximum input-to-output differential is not ex- 
ceeded. 

Also, it makes an especially simple adjustable switching reg- 
ulator, a programmable output regulator, or by connecting a 
fixed resistor between the adjustment and output, the 
LM337L can be used as a precision current regulator. Sup- 
plies with electronic shutdown can be achieved by clamping 
the adjustment terminal to ground which programs the out- 
put to 1 .2 V where most loads draw little current. 


The LM337L is available in a standard TO-92 transistor 
package and a SO-8 surface mount package. The LM337L 
is rated for operation over a -25°C to + 125°C range. 

For applications requiring greater output current in excess 
of 0.5 A and 1.5A, see LM137 series data sheets. For the 
positive complement, see series LM117 and LM317L data 
sheets. 

Features 

n Adjustable output down to 1 .2 V 
m Guaranteed 100 mA output current 
0 Line regulation typically 0.01 %/V 
m Load regulation typically 0.1% 
m Current limit constant with temperature 
m Eliminates the need to stock many voltages 
0 Standard 3-lead transistor package 
0 80 dB ripple rejection 
m Output is short circuit protected 

Connection Diagram 



Bottom View TL/H/ 9134-2 

Top View 

Order Number LM337LM or LM337LZ 
See NS Package Number M08A or Z03A 


Typical Applications 

1.2V-25V Adjustable Regulator 



Full output current not available at high input-output voltages 
-V 0U T= —1.25V (l+^) 

tCI =1 ju,F solid tantalum or 10 /xF aluminum electrolytic 
required for stability 

*C2 = 1 juF solid tantalum is required only if regulator is more 
than 4" from power supply filter capacitor 


Regulator with Trimmable Output Voltage 



Trim Procedure: 

— If VouT > s -23.08V or bigger, cut out R3 (if smaller, don’t cut it out). 

— Then if Vqut is -22.47V or bigger, cut out R4 (if smaller, don’t). 

— Then if Vqut is -22.16V or bigger, cut out R5 (if smaller, don’t). 

This will trim the output to well within 1 % of -22.00 V D q, without any of the 
expense or trouble of a trim pot (see LB-46). Of course, this technique can 
be used at any output voltage level. 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Power Dissipation Internally Limited 

Input-Output Voltage Differential 40V 


Operating Junction Temperature Range 
Storage Temperature 
Lead Temperature (Soldering, 10 sec.) 
Plastic Package (Soldering 4 sec.) 

ESD rating to be determined. 


— 25°C to + 125°C 

— 55°C to + 1 50°C 

300°C 

260°C 


Electrical Characteristics (Notei) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Line Regulation 

T A = 25”C, 3V 2 |V| N - VoutI ^ 40V, 

(Note 2) 


0.01 

0.04 

%/V 

Load Regulation 

Ta = 25°C, 5 mA ^ Iout ^ Imax> (Note 2) 


0.1 

0.5 

% 

Thermal Regulation 

Ta = 25°C, 10 ms Pulse 


0.04 

0.2 

%/w 

Adjustment Pin Current 



50 

100 

juA 

Adjustment Pin Current Change 

5 mA ^ l|_ ^ 100 mA 

3V ^ |V|n - VqlitI ^ 40V 


0.2 

5 

julA 

Reference Voltage 

3V <: |V| N - VqutI ^ 40V, (Note 3) 
io mA ^ Iqut ^ 100 mA » P ^ 625 mW 

1.20 

1.25 

1.30 

V 

Line Regulation 

3V < |V| N - VqutI ^ 40V, (Note 2) 


0.02 

0.07 

%/V 

Load Regulation 

5 mA ^ Iqut ^ 1 00 mA > (Note 2 ) 


0.3 

1.5 

% 

Temperature Stability 

Tmin ^ T j ^ T MAX 


0.65 


% 

Minimum Load Current 

|Vin _ VoutI ^ 40V 


3.5 

5 

mA 


3V i |v IN - v 0UT | ^ isv 


2.2 

3.5 

mA 

Current Limit 

3V ^ |V| N - VqutI ^ 13V 

100 

200 

320 

mA 


|Vin - VoutI = 40V 

25 

50 

120 

mA 

Rms Output Noise, % of Vout 

T a = 25°C, 1 0 Hz < f < 10 kHz 


0.003 


% 

Ripple Rejection Ratio 

V 0 UT = -10V, F = 120 Hz, C ADJ = 0 


65 


dB 


Cadj = 1 0 M-F 

66 

80 


dB 

Long-Term Stability 

T a = 125°C 


0.3 

1 

% 


Note 1: Unless otherwise specified, these specifications apply -25°C ^ Tj ^ + 125°C for the LM337L; |V|n - VoutI = 5V and Iout = 40 mA. Although power 
dissipation is internally limited, these specifications are applicable for power dissipations up to 625 mW. I^ax is 1 00 mA. 


Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are 
covered under the specification for thermal regulation. 

Note 3: Thermal resistance of the TO-92 package is 180°C/W junction to ambient with 0.4" leads from a PC board and 160°C/W junction to ambient with 0.125" 
lead length to PC board. 
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LM723/LM723C 


National 

Semiconductor 

Corporation 


* 


LM723/LM723C Voltage Regulator 


General Description 

The LM723/LM723C is a voltage regulator designed primar- 
ily for series regulator applications. By itself, it will supply 
output currents up to 1 50 mA; but external transistors can 
be added to provide any desired load current. The circuit 
features extremely low standby current drain, and provision 
is made for either linear or foldback current limiting. 

The LM723/LM723C is also useful in a wide range of other 
applications such as a shunt regulator, a current regulator or 
a temperature controller. 

The LM723C is identical to the LM723 except that the 
LM723C has its performance guaranteed over a 0°C to 
+ 70°C temperature range, instead of -55°C to + 125°C. 


Features 

■ 1 50 mA output current without external pass transistor 

■ Output currents in excess of 10A possible by adding 
external transistors 

■ Input voltage 40V max 

■ Output voltage adjustable from 2V to 37V 

■ Can be used as either a linear or a switching regulator 


Connection Diagrams 


Dual-In-Line Package 


Metal Can Package 


NC — 

1 

Vl7 

14 

CURRENT LIMIT- 

2 

13 

CURRENT SENSE- 

3 

12 

INVERTING INPUT — 

4 

11 

NON-INVERTING 

INPUT” 

5 

10 

V REF“ 

6 

9 

v“- 

7 

8 


NC 

FREQUENCY 

COMPENSATIONS 

V + 

v c 

V 0UT 

V Z 

NC 


TL/H/8563-2 


Top View 

Order Number LM723J, LM723CJ, 
LM723CM or LM723CN 
See NS Package J14A, M14A or N14A 


CURRENT 

LIMIT 



TL/H/8563-3 


Note: Pin 5 connected to case. 

Top View 

Order Number LM723H or LM723CH 
See NS Package H10C 


Equivalent Circuit* 


TEMPERATURE 

COMPENSATED 

ZENER 


FREQUENCY 

V* COMPENSATION 



TL/H/8563-4 


♦Pin numbers refer to metal can package. 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


(Note 9) 

Pulse Voltage from V+ to V~ (50 ms) 50V 

Continuous Voltage from V + to V ~ 40V 

Input-Output Voltage Differential 40V 

Maximum Amplifier Input Voltage (Either Input) 8.5V 

Maximum Amplifier Input Voltage (Differential) 5V 

Current from V z 25 mA 

Current from V REF 1 5 mA 


Internal Power Dissipation Metal Can (Note 1) 800 mW 

Cavity DIP (Note 1) 900 mW 

Molded DIP (Note 1) 660 mW 

Operating T emperature Range LM723 — 55°C to + 1 50°C 

LM723C 0°C to + 70°C 
Storage T emperature Range Metal Can - 65°C to + 1 50°C 
Molded DIP - 55°C to + 1 50°C 
Lead Temperature (Soldering, 4 sec. max.) 

Hermetic Package 300°C 

Plastic Package 260°C 


Electrical Characteristics (Note 2 ) 


Parameter 

Conditions 

LM723 

LM723C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Line Regulation 

V| N = 12V to V|n = 15V 


0.01 

0.1 


0.01 

0.1 

% Vqut 


— 55°C ^ T A £ + 1 25°C 



0.3 




% v 0U t 


0°C ^ T A ^ + 70°C 






0.3 

% Vqut 


V| N = 12V to V| N = 40V 


0.02 

0.2 


0.1 

0.5 

% Vqut 

Load Regulation 

II = 1 mA to l|_ = 50 mA 


0.03 

0.15 


0.03 

0.2 

% Vout 


— 55°C <; T a ^ +125°C 



0.6 




% Vout 


0°C ^ t a <; +70°C 






0.6 

% Vout 



■ 



■ 


■ 

dB 



m 



■ 


■ 

dB 

Average Temperature Coeffic- 

-55°C£T a <; + 1 25°C 


0.002 

0.015 




%/°C 

ient of Output Voltage (Note 8) 

o°c ^ t a <; + 70°c 





0.003 


%/°c 

Short Circuit Current Limit 

Rsc = ion, Vqut = o 


65 



m 


mA 

Reference Voltage 



7.15 

7.35 


mi 

I^jp| 

V 

Output Noise Voltage 

BW = 100 Hzto 10 kHz, C REF = 0 

m 




86 


jaVrms 


BW = 100 Hzto 10 kHz, C REF = 5 juF 

m 




2.5 


jaVrms 

Long Term Stability 



0.05 





%/1000 hrs 

Standby Current Drain 

l L = 0, V| N = 30V 


1.7 

3.5 

l 

1.7 

4.0 

mA 

Input Voltage Range 




E9 



MM 

V 

Output Voltage Range 




O 




V 

Input-Output Voltage Differential 


ilil 


38 




V 

0JA 

Molded DIP 


105 



105 


°C/W 

0JA 

Cavity DIP 


150 



150 


°C/W 

0JA 

TO-5 Board Mount in Still Air 


225 



225 


°C/W 

0JA 

TO-5 Board Mount in 400 LF/Min Air Flow 


90 



90 


°C/W 

0JA 

SO 





125 


°C/W 

0JC 



m 



25 


°C/W 


Note 1: See derating curves for maximum power rating above 25°C. 

Note 2: Unless otherwise specified, Ta = 25°C, Vin = V+ = Vq = 12V, V~ = 0, Vout = 5V, II = 1 mA - R SC = 0, Ci = 100 pF, Cref = 0 and divider 
impedance as seen by error amplifier £ 10 kft connected as shown in Figure 1. Line and load regulation specifications are given for the condition of constant chip 
temperature. Temperature drifts must be taken into account separately for high dissipation conditions. 

Note 3: L| is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-3B7 pot core or equivalent with 0.009 in. air gap. 

Note 4: Figures in parentheses may be used if R1/R2 divider is placed on opposite input of error amp. 

Note 5: Replace R1/R2 in figures with divider shown in Figure 13. 

Note 6: V+ must be connected to a +3V or greater supply. 

Note 7: For metal can applications where Vz is required, an external 6.2V zener diode should be connected in series with Vout- 
Note 8: Guaranteed by correlation to other tests. 

Note 9: Refer to RETS723X military specifications for the LM723. 
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Typical Performance Characteristics 
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Maximum Power Ratings 
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TABLE I. Resistor Values (kfl) for Standard Output Voltage 


Positive 

Output 

Voltage 

Applicable 

Figures 

Fixed 

Output 

±5% 

Output 
Adjustable 
±10% (Note 5) 

Negative 

Output 

Voltage 

Applicable 

Figures 

Fixed 

Output 

±5% 

5% Output 
Adjustable 
±10% 

(Note 4) 

R1 

R2 

R1 

PI 

1 

R2 

R1 

R2 

R1 

PI 

R2 

+ 3.0 

1,5, 6, 9,12(4) 

4.12 

3.01 

1.8 

0.5 

1.2 

+ 100 

7 

3.57 

102 

2.2 

10 

91 

+ 3.6 

1,5, 6, 9,12(4) 

3.57 

3.65 

1.5 

0.5 

1.5 

+ 250 

7 

3.57 

255 

2.2 

10 

240 

+ 5.0 

1,5, 6, 9,12(4) 

2.15 

4.99 

0.75 

0.5 

2.2 

-6 (Note 6) 

3,(10) 

3.57 

2.43 

1.2 

0.5 

0.75 

+ 6.0 

1,5, 6, 9,12(4) 

1.15 

6.04 

0.5 

0.5 

2.7 

-9 

3,10 

3.48 

5.36 

1.2 

0.5 

2.0 

+ 9.0 

2, 4, (5, 6, 9,12) 

1.87 

7.15 

0.75 

1.0 

2.7 

-12 

3,10 

3.57 

8.45 

1.2 

0.5 

3.3 

+ 12 

2, 4, (5, 6, 9,12) 

4.87 

7.15 

2.0 

1.0 

3.0 

-15 

3, 10 

3.65 

11.5 

1.2 

0.5 

4.3 

+ 15 

2, 4, (5, 6, 9,12) 

7.87 

7.15 

3.3 

1.0 

3.0 

-28 

3, 10 

3.57 

24.3 

1.2 

0.5 

10 

+ 28 

2,4, (5, 6, 9, 12) 

21.0 

7.15 

5.6 

1.0 

2.0 

-45 

8 

3.57 

41.2 

2.2 

10 

33 

+ 45 

7 

3.57 

48.7 

2.2 

10 

39 

-100 

8 

3.57 

97.6 

2.2 

10 

91 

+ 75 

7 

3.57 

78.7 

2.2 

10 

68 

-250 

8 

3.57 

249 

2.2 

10 

240 


TABLE II. Formulae for Intermediate Output Voltages 


Outputs from + 2 to + 7 volts 

0 Figures 1, 5, 6, 9, 12, [4]) 

V 0 UT=(vREFXj ^ ii ) 


Outputs from + 4 to + 250 volts 

{Figure 7) 


v OUT : 


f V ref „ R2 ~ R1 


V 2 


R1 


);R3 = 


R4 


Current Limiting 

. VSENSE 


■□MIT : 


R sc 


Outputs from + 7 to + 37 volts 

{Figures 2, 4, [5, 6, 9, 12]) 

w L, R1 + R2\ 

VoUT = (^REF X — ^ — J 


v OUT 


Outputs from -6 to -250 volts 

{Figures 3, 8, 10) 

/Vref R1 + R2\ 

= I X — 1 ; R3 = R4 


■knee 


Foldback Current Limiting 

= ( V QUT R 3 + VSENSE ( R 3 + R4) ^ 

\ Rsc R4 Rsc R4 ) 


\ 2 


R1 


. _ /V SENSE w R3 + R4^ 

■short CKT - l — ± x - 


V R sc 


R4 


Typical Applications 


V.N 



TL/H/8563-8 
Typical Performance 
Regulated Output Voltage 5V 

Line Regulation (AVin = 3V) 0.5 mV 

Load Regulation (Al|_ = 50 mA) 1 .5 mV 

FIGURE 1. Basic Low Voltage Regulator 
(Vqut = 2 to 7 Volts) 


R1 + R2 

for minimum temperature drift. 



R1 R2 

Note: R3 = - — — 

R1 + R2 

for minimum temperature drift. 
R3 may be eliminated for 
minimum component count. 


Typical Performance 

Regulated Output Voltage 
Line Regulation (AVin = 3V) 
Load Regulation (AIl = 50 mA) 


15V 

1.5 mV 

4.5 mV 


FIGURE 2. Basic High Voltage Regulator 
(Vqut = 7 to 37 Volts) 
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LM723/LM723C 


Typical Applications (Continued) 



Regulated Output Voltage - 1 5V 

Line Regulation (AVin = 3V) 1 mV 

Load Regulation (AIl =100 mA) 2 mV 


FIGURE 3. Negative Voltage Regulator 


V|N 



REGULATED 

OUTPUT 


TL/H/8563-1 1 


Line Regulation (AVin = 3V) 1.5 mV 
Load Regulation (AIl = 1A) 15 mV 


FIGURE 4. Positive Voltage Regulator 
(External NPN Pass Transistor) 


V IN 



REGULATED 

OUTPUT 


TL/H/8563-1 2 

Typical Performance 

Regulated Output Voltage + 5V 
Line Regulation (AVin = 3V) 0.5 mV 
Load Regulation (AIl = 1A) 5 mV 


FIGURE 5. Positive Voltage Regulator 
(External PNP Pass Transistor) 


V, N 



TL/H/8563-1 3 

Typical Performance 

Regulated Output Voltage + 5V 

Line Regulation (AV|n = 3V) 0.5 mV 

Load Regulation (AIl = 10 mA) 1 mV 
Short Circuit Current 20 mA 


FIGURE 6. Foldback Current Limiting 
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Typical Applications (Continued) 



REGULATED 
' OUTPUT 


Line Regulation (AVin = 20V) 
Load Regulation (Al|_ = 50 mA) 


15 mV 
20 mV 


TL/H/8563-14 


FIGURE 7. Positive Floating Regulator 



REGULATED 
' OUTPUT 


Line Regulation (AVin = 20V) 30 mV 

Load Regulation (Al|_ = 1 00 mA) 20 mV 


TL/H/8563-15 


FIGURE 8. Negative Floating Regulator 
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Typical Applications (Continued) 


r 


v REF 


VoUT 

LM723 

LM723C 

CL 


cs 

N.l. 

INV. 


REGULATED 

OUTPUT 


Typical Performance 

Regulated Output Voltage + 5V 

Line Regulation (AVin = 30V) 10 mV 

Load Regulation (Ml = 2A) 80 mV 

FIGURE 9. Positive Switching Regulator 



REGULATED 

OUTPUT 


■ — | — iuu 


Typical Performance 

Regulated Output Voltage - 1 5V 
Line Regulation (AVin = 20V) 8 mV 

Load Regulation (Ml = 2A) 6 mV 


FIGURE 10. Negative Switching Regulator 





Typical Applications (Continued) 


V,N 



Note: Current limit transistor may be 
used for shutdown if current lim- 
iting is not required. 


Typical Performance 

Regulated Output Voltage + 5V 

Line Regulation (AV| N = 3V) 0.5 mV 

Load Regulation (Al|_ = 50 mA) 1 .5 mV 


TL/H/8563-18 


FIGURE 11. Remote Shutdown Regulator with Current Limiting 


V,M 



Line Regulation (AV ( n = 10V) 0.5 mV 

Load Regulation (Al|_ =100 mA) 1 .5 mV 


REGULATED 

OUTPUT 


TL/H/8563-19 


FIGURE 12. Shunt Regulator 
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Typical Applications (Continued) 


V REF 


R1 

PI 

R2 



NONINVERTING 

INPUT 


TL/H/8563-20 


FIGURE 13. Output Voltage Adjust 
(See Note 5) 


Schematic Diagram 
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National 

Semiconductor 

Corporation 



PRELIMINARY 


LM1578/LM2578/LM3578 Switching Regulator 


General Description 

The LM1 578 is a flexible 8-pin switching regulator which can 
easily be set up for such dc-to-dc voltage conversion cir- 
cuits as the buck, boost, and inverting configurations. The 
LM1578 features a unique comparator input stage which not 
only has separate pin-outs for both the inverting and non-in- 
verting inputs, but also provides an internal 1 .OV reference 
to each input, thereby simplifying circuit design and p.c. 
board layout. The output can switch up to 750 mA and has 
output pins for its collector and emitter to promote design 
flexibility. The current limit terminal may be referenced to 
either the ground or the Vj n terminal, depending upon the 
application. In addition, the LM1578 has an on-board oscil- 
lator, which is set by a single external capacitor. 


Features 

■ Inverting and non-inverting inputs 

■ 1 .0V reference at inputs 

■ Operates from supply voltages of 2 V to 40V 

■ Output current up to 750 mA, saturation less than IV 

■ Oscillator frequency adjustable to 100 kHz 

■ Current limit and thermal shut down 

■ Duty cycle up to 90% 

■ Design flexibility including buck, boost, inverting, and 
transformer configurations 


Functional Diagram 



TIMING CAPACITOR 


PIN 3 


TL/H/8711-1 
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LM 1 578/LM2578/LM3578 


Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

T otal Supply Voltage 40V 

Collector Output to Ground -0.3V to + 40V 

Emitter Output to Ground - 1 V to + 40V 

Power Dissipation (Note 2) internally limited 

Output Current 750 mA 

Electrical Characteristics (Note 3) 

Storage Temperature 

Lead Temperature 
(soldering, 10 seconds) 
Operating Temperature Range 
LM1578 

LM2578 

LM3578 

Maximum Junction Temperature 
ESD rating is to be determined. 

— 65°C to + 1 50°C 

300°C 

— 55°C to + 125°C 
— 40°C to +85°C 

0°C to + 70°C 

150°C 

Parameter 

Conditions 

LM1578 

LM2578/LM3578 

Units/ 

Limit 

Typ 

Tested 
(Note 5) 

Design 
(Note 6) 

Typ 

Tested 
(Note 5) 

Design 
(Note 6) 

OSCILLATOR 

Frequency 

C T = 4000 pF 

20 



20 



kHz 




22.4 



25 


kHz max 




17.6 



15 


kHz min 

Frequency 

C T = 4000 pF 

-0.13 



-0.13 



%/°C 

Drift with 




- 0.25 



- 0.30 

%/°C max 

Temperature 









Amplitude 

C T = 4000 pF 

550 



550 



mVpk-pk 

REFERENCE/COMPARATOR (Note 8) 

Input 

h — I 2 = 0 mA 

1.0 



1.0 



V 

Reference 

and 


1.035 



1.050 


V max 

Voltage 

h = l 2 = 1 mA ±1% 


0.965 



0.950 


V min 


(Note 4) 


1.050 




1.070 

V max 




0.950 




0.930 

V min 

Input 

1 1 = 1 2 = 0 m A 

0.003 



0.003 



%/V 

Reference 

and 


0.01 



0.01 


%/V max 

Voltage Line 

li = I 2 = 1 mA ±1% 


0.02 




0.02 

%/V max 

Regulation 

(Note 4) 








Inverting 

11 = 12 = 0 mA, 

0.5 



0.5 



jaA 

Input 

dutycycle= 75% 








Current 









Level 

Level Shift 

1.0 



1.0 



% 

Shift 

Current = 1 mA 


5 



10 


% max 

Accuracy 



8 




13 

% max 

Input 









Reference 









Voltage 


100 



100 



ppm/kHr 

Long Term 









Stability 
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Electrical Characteristics (Note 3) (continued) 




LM1578 

LM2578/LM3578 

Units/ 

Limit 

Parameter 

Conditions 

Typ 

Tested 

Design 

Typ 

Tested 

Design 



(Note 5) 

(Note 6) 

(Note 5) 

(Note 6) 


OUTPUT 

Collector 

l c = 750 mA, 

0.7 



0.7 



V 

Saturation 

Emitter 


0.85 



0.90 


V max 

Voltage 

Grounded 


1.2 




1.2 

V max 

Emitter 

l e = 80 mA, 

1.4 



1.4 



V 

Saturation 

Collector at 


1.6 



1.7 


V max 

Voltage 

V in = 40V 


2.1 




2.0 

V max 

Collector 

Collector to 

0.1 



0.1 



juA 

Leakage 

Emitter = 40V, 


50 



200 


juA max 

Current 

Emitter 

Grounded, 

Output off 


IOO 




250 

^A max 

Collector- 


40 



40 



V 

Emitter 

Sustaining 

Voltage 




34 



34 

V min 

CURRENT LIMIT 

Sense 

Referred to 

110 



110 



mV 

Voltage for 

Vin or 


95 



80 


mV min 

Shutdown 

Ground (Note 7) 


140 



160 


mV max 

Sense 

Voltage 

Temperature 

Drift 


0.3 



0.3 



%/°C 

Sense 

Referred to 








Current 

V in 

Referred to 

40 



40 



juA 


Ground 

0.4 



0.4 



juA 

DEVICE POWER CONSUMPTION 

Supply 

Output Off 

2.0 



2.0 



mA 

Current 



3.0 



3.5 


mA max 




3.3 




4.0 

mA max 


Output On, 
l c = 750 mA 

14 



14 



mA 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its Rated Operating Conditions. 

Note 2: At elevated temperatures, devices must be derated based on package thermal resistance. The device in a TO-5 package must be derated at 150°C/W, 

junction to ambient or 45°C/W, junction to case. The thermal resistance for the 8-pin N package is 130°C/W, junction to ambient. 


Note 3: Unless otherwise specified, these specifications apply for Vj n = 2 V (2.2V, < -25°C) and Vj n = 40V. Timing Capacitor = 4000 pF with 25% and 75% duty 
cycle. Normal typeface indicates Tj = 25°C limits. Boldface type indicates limits for full temperature range. This is Tj = -55°C to + 150°C for the LM1578, 

Tj = — 40°C to +125°C for the LM2578, and Tj = 0°C to +125°C for the LM3578. 

Note 4: l-| and I 2 are the external sink currents at the inputs. 






Note 5: Guaranteed and 100% production tested. 







Note 6: Guaranteed (but not 100% production tested) over the operating temperature ranges. These limits are not to be used to calculate outgoing quality levels. 

Note 7: Connection of a 1 0 kfl resistor from pin 1 to pin 4 establishes the duty cycle at its maximum of 90% with a maximum voltage swing on the output collector 
of 40V. Applying the minimum current sense voltage will not reduce the duty cycle to less than 50%. Applying the maximum current limit sense voltage is certain to 
reduce the duty cycle below 50%. An additional 15 mV above the sense voltage may be required to reduce the duty cycle to 0% (see current limit of the typical 
performance characteristics). 

Note 8: Input terminals are protected from accidental shorts to ground but if external voltages higher than the reference voltage is applied, excessive current will 
flow and should be limited to less than 5 mA. 
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Typical Performance Characteristics 


Oscillator Frequency Change 
With Temperature 
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Test Circuit* 

Parameter tests can be made using the test circuit shown. 
Select the desired Vj n , collector voltage and duty cycle with 
adjustable power supplies. A digital volt meter with an input 
resistance greater than 100 MH should be used to measure 
the following: 

Input Reference Voltage to Ground; SI in either posi- 
tion. 

Level Shift Accuracy (%) = (Tp 3 (V)/1V) X 100%; SI at 

11 = l 2 = 1 mA 

Input Current (mA) = (IV - T p3 (V))/1 M Cl: SI at l 1 = 

1 2 = 0 mA. 

Oscillator Tp 4 can be measured using a frequency counter 
or an oscilloscope. 


The current limit sense voltage is measured by connecting 
an adjustable 0 to IV floating power supply in series with 
the current limit terminal and referring it to either the ground 
or the Vj n terminal. Set the duty cycle to 90% and monitor 
test point Tps while adjusting the floating power supply volt- 
age until the LM1578’s duty cycle just reaches 0%. This 
voltage is the current limit sense voltage. 

The supply current should be measured with the duty cycle 
at 0% and SI in the li = l 2 = 0 mA position. 

*LM1578 specifications are measured using automated test 
equipment. This circuit is provided for the customer’s conve- 
nience when checking parameters. Due to possible varia- 
tions in testing conditions, the measured values from these 
testing procedures may not match those of the factory. 


V IN V C0LLECT0R 



TL/H/871 1 -3 


Definition of Terms 

Input Reference Voltage: The reference voltage referred 
to ground, applied to either the inverting or non-inverting 
inputs, which will cause the output to switch on or off. 
Input Reference Current: The current applied to either the 
inverting or the non-inverting input which will cause the out- 
put to switch on or off. 

Input Level Shift Accuracy: For two equal resistors sinking 
current from the inverting and non-inverting input terminals, 
the input level shift accuracy is the ratio of the voltage 
across the resistors to produce a given duty cycle at the 
output. 

Collector Saturation Voltage: With the inverting input ter- 
minal grounded thru a 10 kn resistor and the output transis- 
tor’s emitter connected to ground, the collector saturation 


voltage is the collector-to-emitter voltage for a given collec- 
tor current. 

Emitter Saturation Voltage: With the inverting input termi- 
nal grounded thru a 10 kfl resistor and the output transis- 
tor’s collector connected to V, n , the emitter saturation volt- 
age is the collector-to-emitter voltage for a given emitter 
current. 

Current Limit Sense Voltage: The voltage referred to ei- 
ther the supply or the ground terminal which will cause the 
output transistor to turn off and resets cycle-by-cycle at the 
oscillator frequency. 

Current Limit Sense Current: The bias current for the cur- 
rent limit terminal at sense voltage. 

Supply Current: The 1C power supply current, excluding the 
output transistor’s collector current, with the oscillator oper- 
ating. 


1 
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Functional Description 

The LM1578 is a very simple device. A control signal is 
fedback to the LM1578’s comparator section for output er- 
ror detection. The comparator and oscillator feed their re- 
spective signals to a logic network for determining when the 
output transistor is to be turned on and off. The following is 
a brief description of the various stages of the LM1578. 

COMPARATOR INPUT STAGE 

The LM1578 has a unique comparator input stage-not only 
are both the inverting and non-inverting inputs available to 
the user, but both are referenced to a 1 .OV reference This is 
accomplished as follows: A 1.0V reference is fed into a 
modified voltage follower circuit (see FUNCTIONAL DIA- 
GRAM). When both inputs are floating, no current flows 
through either R-| or R 2 , and thus, both inputs to the com- 
parator are at the same potential as V a , i.e. 1 .0V. When one 
input, say the non-inverting input, is moved AV away from 
V a , a current of AV/R-j flows through R-j. This same current 
flows through R 2 and thus the comparator sees a total volt- 
age difference of 2 AV between its inputs. The high gain of 
the system immediately corrects for this imbalance and re- 
turns both inputs to the 1 .0V level 

The LM1578’s unique comparator input stage increases cir- 
cuit flexibility, while minimizing the total number of parts. 
The inverting switching regulator configuration, for example, 
can be set-up without having to use an external op amp for 
feedback polarity reversal (See TYPICAL APPLICATIONS). 

OSCILLATOR 

The LM1578 provides an on-board oscillator which can be 
adjusted up to 100 kHz. It’s frequency is set by a single 
external capacitor, C-j. A graph displaying Ci versus fre- 
quency is shown in Figure 1. The oscillator provides a blank- 
ing pulse to turn off the output transistor for at least 10% of 
each oscillator cycle to help protect the device. 



FREQUENCY (kHz) 
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FIGURE 1 

OUTPUT TRANSISTOR 

The output transistor is capable of delivering up to 750 mA 
of current with a saturation voltage of less than 1 .2V. The 
collector and emitter are both available as shown in the 
functional diagram. 

CURRENT LIMIT 

The LM1578’s current limit is novel in that it may be refer- 
enced to either the ground or the Vj n terminal, and operates 
on a cycle-by-cycle basis. 

The current limit section consists of two comparators: one 
with its non-inverting input referenced to a voltage, V, 
110 mV below V- m , the other with its inverting input refer- 


enced 110 mV above ground (see FUNCTIONAL DIA- 
GRAM). The current limit is activated whenever the current 
limit terminal is pulled 110 mV away from either Vj n or 
ground. 

Typical Applications 

The LM1578 may be operated in either the continuous or 
the discontinuous conduction mode. The following applica- 
tions (except for the Buck-Boost Regulator) are designed 
for continous conduction operation. That is, the inductor 
current is not allowed to fall to zero. This mode of operation 
has higher efficiency and lower EMI characteristics than the 
discontinuous mode. 

BUCK REGULATOR 

The buck configuration is used to step an input voltage 
down to a lower level. Transistor Q1 in Figure 2 chops the 
input D.C. voltage into a squarewave. This squarewave is 
then converted back into a D.C. voltage of lower magnitude 
by the low pass filter consisting of LI and Cl. The duty 
cycle, D, of the squarewave relates the output voltage to the 
input voltage by the following relation: 

Vout “ D X Vj n = V m X (t on )/(t on + t 0 ff). 


Li 



FIGURE 2 


Figure 3 is a 1 5V to 5 V buck regulator with an output cur- 
rent, l 0 , of 350 mA. The circuit becomes discontinuous at 
20% of l 0 (max)> has 10 mV of output voltage ripple, an effi- 
ciency of 75%, a load regulation of 30 mV (70 mA to 350 
mA) and a line regulation of 10 mV (12 < Vj n ^ 18V). 
Component values are selected as follows: 

R1 = (V 0 - 1) X R2 where R2 = 10 kfL 
R3 = V/I sw ( max ) 

R3 = 0.15H 
where: 

V is the current limit sense voltage, 0.1 IV 
•sw(max) * s the maximum allowable current thru the out- 
put transistor. 

LI is the inductor and may be found from the inductance 
calculation chart, as follows. 

Given V in = 15V V 0 = 5V 

lo(max) = 350 mA fosc = 50 kHz 
Discontinuous at 20% of l 0 (max)- 
Note that since the circuit will become discontinuous at 
20% of l 0 (max)> the load current must not be allowed to fall 
below 70 mA. 

Step 1: Calculate the maximum D.C. current through the 
inductor, l|ND(max)- The necessary equations are indicated 
at the top of the chart and show that l|ND(max) = lo(max) for 
the buck configuration. Thus, l|ND(max) = 350 mA - 
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Typical Applications (Continued) 

Step 2: Calculate the inductor Volts-sec product, E-T op , ac- 
cording to the equations given from the chart. For the Buck; 
E-Top = (V in ~ V 0 ) (V 0 /V in ) (1000/f osc ) 

= (15 - 5) (5/15) (1000/50) 

= 100V - juls. 

with the oscillator frequency, f osc> expressed in kHz. 


v in = 15V 

V 0 = 5V 
Vripple ~ 50 mV 
l 0 = 350 mA 
f osc = 50 kHz 
R1 = 40 kft 
R2 = 10 k ft 
R3 = 0.15ft 

Q V n Cl = 1820 pF 

r C2 = 220 ju.F 

C2 C3 = 20 pF 

LI = 470 ju.H 
D1 = 1N5818 

TL/H/871 1-6 

FIGURE 3. Buck or Step-Down Regulator 
Step 3: Using the graph with axis labeled “Discontinuous At 
% l 0 ” and “l|ND( max , DC)” find the point where the desired 
maximum inductor current, l|ND(max, DC) intercepts the de- 
sired discontinuity percentage. 

In this example, the point of interest is where the 0.35A line 
intersects with the 20% line. This is nearly the midpoint of 
the horizontal axis. 

Step 4: This last step is merely the translation of the point 
found in Step 3 to the graph directly below it. This is accom- 
plished by moving straight down the page to the point which 
intercepts the desired E-T op . For this example, E-T op is 
66V-jus and the desired inductor value is 470 jaH. Since this 
example was for 20% discontinuity, the bottom chart could 
have been used directly, as noted in step 3 of the chart 
instructions. 

For a full line of standard inductor values, contact Pulse 
Engineering (San Diego, Calif.) regarding their PE526XX se- 
ries, or A. I. E. Magnetics (Nashville, Tenn.). 

A more precise inductance value may be calculated for the 
Buck, Boost and Inverting Regulators as follows: 

BUCK 

L = V 0 (V in - V 0 )/(AI 0 V in fosc) 

BOOST 

L = V in 2 (V 0 - Vj n )/(AI 0 f osc V 0 2) 

INVERT 

L = V in 2 |V 0 |/[AI 0 (V in + |V 0 |)2f 0SC ] 


where: 

Al 0 = 2I 0 x (Discontinuity Factor). The Discontinuity 
Factor is the percent discontinuity of l 0 expressed as a 
decimal (i.e.; for 10% discontinuity, the discontinuity fac- 
tor is 0.1). 

Cl is the frequency selection capacitor found in Figure 
1 

C2 ;> V 0 (V in - V 0 )/(8f 0 sc 2 VinV r i pp , e L1) 
where V r j pp | e is the peak-to-peak output voltage ripple. 
C3 is necessary for continuous operation and is general- 
ly in the 10 to 30 pF range. 

D1 should be a Schottky type diode, such as the 
1N5818 or 1N5819. 

BUCK WITH BOOSTED OUTPUT CURRENT 

For applications requiring a large output current, an external 
transistor may be used as shown in Figure 4. This circuit 
steps a 15V supply down to 5V with 1.5A of output current. 
The output ripple is 50 mV, with an efficiency of 80%, a load 
regulation of 40 mV (150 mA to 1.5A), and a line regulation 
of 20 mV (12V <: V in ^ 18V). 

Component values are selected as outlined for the buck 
regulator with a discontinuity factor of 10%, with the addi- 
tion of R4 and R5: 

R4 = 10V B EiBf/l p 

R5 = (Vj n - V - V B ei - V sat ) Bf/(l|ND(max, DC) + <R4) 
where: 

Vbei is the Vbe of transistor Q1 . 

V sat is the saturation voltage of the LM1578 output tran- 
sistor. 

V is the current limit sense voltage. 

Bf is the forced current gain of transistor Q1 (Bf = 30 
for Figure 4). 

|R4 = V B ei/R4 

Ip = l|ND(max, DC) + 0.5Al o 




V in = 15V 
V 0 = 5V 
Vripple = 50 mV 
l 0 = 1.5A 
f osc = 50 kHz 
R1 = 40 kft 
R2 = 10 kft 
R3 = 0.05ft 


R4 = 200ft 
R5 = 330ft 
Cl = 1820 pF 
C2 = 330 /aF 
C3 = 20 pF 
LI = 220 ju.H 
D1 = 1N5819 
Q1 = D45 
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FIGURE 4. Buck Converter with Boosted Output Current 
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Typical Applications (Continued) 

BOOST REGULATOR 

The boost regulator converts a low input voltage into a high- 
er output voltage. The basic configuration is shown in Figure 
5. Energy is stored in the inductor while the transistor is on 
and then transferred with the input voltage to the output 
capacitor for filtering when the transistor is off. Thus, 

Vq = Vj n + Vj n (t 0n /t 0 ff). 


LI D1 



The circuit of Figure 6 converts a 5V supply into a 1 5V sup- 
ply with 150 mA of output current, a load regulation of 
14 mV (30 mA to 150 mA), and a line regulation of 35 mV 
(4.5V ^ V in £ 8.5V). 



m 


V in = 5V 
V 0 = 15V 
Vripple = 10 mV 
l 0 = 150 mA 
f osc = 50 kHz 
R1 = 140 kft 
R2 = 10 kn 
R3 = 0.1 n 
R4 = 220 kH 
Cl = 1820 pF 
C2 = 470 jutF 
C3 = 20 pF 
C4 = 0.0022 /iF 
LI = 330 juH 
D1 = 1N5818 
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FIGURE 6. Boost or Step-Up Regulator 

R1 = (V 0 - 1) R2 where R2 = 10 kft. 

R3 = V/(l| ND ( max> dc) + 0.5 Al 0 ) 
where: 


Al 0 is defined in the “Buck Regulator” section. 

R4, C3 and C4 are necessary for continuous operation 
and are typically 220 k Cl, 20 pF, and 0.0022 juF respec- 
tively. 

Cl is the oscillator frequency selection capacitor found 
in Figure 1. 


C2^l 0 (V 0 -V in )/(f 0SC V 0 V ri pp, e ). 

D1 is a Schottky type diode such as a IN5818 or IN5819. 
LI is found as described in the buck converter section. 

INVERTING REGULATOR 

Figure 7 shows the basic configuration for an inverting regu- 
lator. The input voltage is of a positive polarity, but the out- 
put is negative. The output may be less than, equal to, or 
greater in magnitude than the input. The relationship be- 
tween the magnitude of the input voltage and the output 
voltage is V 0 = V in X (t 0n /t 0 ff). 


D1 



Figure 8 shows an LM1578 configured as a 5V to -15V 
polarity inverter with an output current of 300 mA, a load 
regulation of 44 mV (60 mA to 300 mA) and a line regulation 
of 50 mV (4.5V ^ V in <: 8.5V). 

R1 = (|V 0 | +1)R2 where R2 = 10 kn. 

R3 = V/ (l|N D (ma X , DC) + 0-5 Al 0 ). 

R4 = 10VbeiB//(I|nd (max, DC) + 0.5 Al 0 ) 

where: 

V, V B ei, V sat , and Bf are defined in the “Buck Converter 
with Boosted Output Current” section. 

Al 0 is defined in the “Buck Regulator” section. 

R5 is defined in the “Buck with Boosted Output Cur- 
rent” section. 

R6 serves the same purpose as R4 in the Boost Regula- 
tor circuit and is typically 220 kn. 

Cl, C3 and C4 are defined in the “Boost Regulator” 
section. 

C2 ^ l 0 |V 0 |/[f 0SC (|V 0 | + Vj n ) V r jpp| e ] 

LI is found as outlined in the section on buck convert- 
ers, using the inductance chart for the invert configura- 
tion and 20% discontinuity. 



Vin = 5V 

v 0 = -15V 

Vripple = 5 mV 

l D = 300 mA, l min = 60 mA 

f osc = 50 kHz 

R1 = 160 kn R2 = 10 kn 

R3 = 0.01 n R4 = 190n 

R5 = 82n R6 = 220 kn 

Cl = 1820 pF 

C2 = 1000 ftF 

C3 = 20 pF 

C4 = 0.0022 jliF 

LI = 150 p-H 

D1 = 1N5818 
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Typical Applications (Continued) 

BUCK-BOOST REGULATOR 

The Buck-Boost Regulator, shown in Figure 9, may step a 
voltage up or down, depending upon whether or not the 
desired output voltage is greater or less than the input volt- 
age. In this case, the output voltage is 12V with an input 
voltage from 9V to 1 5V. The circuit exhibits an efficiency of 
75%, with a load regulation of 60 mV (10 mA to 100 mA) 
and a line regulation of 52 mV. 

R1 = (V 0 - 1) R2 where R2 = 10 kft 
R3 = V/0. 75 A 

R4, Cl, C3 and C4 are defined in the “Boost Regulator” 
section. 

D1 and D2 are Schottky type diodes such as the 1 N 581 8 or 
1N5819. 

C2 ^ (Ip/Vripple) (Vp + 2V d ) 

[fosc (Vin V 0 + 2V d — V sa t — V sa f|)] 

where: 

V d is the forward voltage drop of the diodes. 

V sat is the saturation voltage of the LM1 578 output tran- 
sistor. 

V sat i is the saturation voltage of transistor Q1 . 

LI ^ (Vj n — V sa t — V sa ti) (t on /lp) 

where: 

t (1/fosc)(Vo + 2V d ) 

° n ( v o + V in + 2V d - V sat - V sat i) 

, 2l 0 (V in + V 0 + 2V d - V sat - V sat1 ) 

P (V in - V sat - V sat1 ) 


RS-232 LINE DRIVER POWER SUPPLY 

The power supply, shown in Figure 10, operates from an 
input voltage as low as 4.2V (5V nominal), and delivers an 
output of ± 12V at ±40 mA with better than 70% efficiency. 
The circuit provides a load regulation of ±150 mV (from 
10% to 100% of full load) and a line regulation of ±10 mV. 
Other notable features include a cycle-by-cycle current limit 
and an output voltage ripple of less than 40 mVp-p. 

A unique feature of this circuit is it’s use of feedback from 
both outputs. This dual feedback configuration results in a 
sharing of the output voltage regulation by each output so 
that neither side becomes unbalanced as in single feedback 
systems. In addition, since both sides are regulated, it is not 
necessary to use a linear regulator for output regulation. 
The feedback resistors, R2 and R3, may be selected as 
follows by assuming a value of 10 kft for R1; 

R2 = (V 0 - 1 V)/45.8 juA = 240 k ft 
R3 = (|V 0 | + 1 V)/54.2 fiA = 240 kft 
Actually, the currents used to program the values for the 
feedback resistors may vary from 40 fx A to 60 juA, as long 
as their sum is equal to the 100 juA necessary to establish 
the IV threshold across R1. Ideally, these currents should 
be equal (50 juA each) for optimal control. However, as was 
done here, they may be mismatched in order to use stan- 
dard resistor values. This results in a slight mismatch of 
regulation between the two outputs. 

The current limit resistor, R4, is selected by dividing the cur- 
rent limit threshold voltage by the maximum peak current 
level in the output switch. For our purposes R4 = 
90 mV/750 mA = 0.12ft. A value of 0.1ft was used. 



FIGURE 9. Buck-Boost Regulator 


R5 = 270 
Cl = 1820 pF 
C2 = 220 juF 
C3 = 20 pF 
C4 = 0.0022 juF 
LI = 220 jaH 
D1, D2 = 1N5819 
Q1 = D44 



V in = 5V 

V 0 = ±12V 

l 0 = ±40 mA 

fosc = 80 kHz 

R1 = 10 kft 

R2 = 240 kft 

R3 = 240 kft 

R4 = 0.1 ft 

Cl = 820 pF 

C2 = 10 pF 

C3 = 220 jaF 

D1, D2, D3 = 1N5819 

T1 = PE-64287 


TL/H/871 1-14 


FIGURE 10. RS-232 Line Driver Power Supply 
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Typical Applications (Continued) 

Capacitor Cl sets the oscillator frequency and is selected 
from Figure 1. 

Capacitor C2 serves as a compensation capacitor for syn- 
chronous operation and a value of 10 to 50 pF should be 
sufficient for most applications. 

A minimum value for an ideal output capacitor C3, could be 
calculated as C = I X t/AV where I is the load current, t is 
the transistor on time (typically 0.4/f osc ), and AV is the 
peak-to-peak output voltage ripple. A larger output capacitor 
than this theoretical value should be used since electrolytics 
have poor high frequency performance. Experience has 
shown that a value from 5 to 10 times the calculated value 
should be used. 

For good efficiency, the diodes must have a low forward 
voltage drop and be fast switching. 1 N5819 Schottky diodes 
work well. 

Transformer selection should be picked for an output tran- 
sistor “on” time of 0.4/f osc , and a primary inductance high 
enough to prevent the output transistor switch from ramping 
higher than the transistor’s rating of 750 mA. Pulse Engi- 
neering (San Diego, Calif.) and Renco Electronics, Inc. 
(Deer Park, N.Y.) can provide further assistance in selecting 
the proper transformer for a specific application need. The 
transformer used in Figure 10 was a Pulse Engineering 
PE-64287. 

CURRENT LIMIT 

As mentioned in the functional description, the current limit 
terminal may be referenced to either the Vj n or the ground 
terminal. Resistor, R3 converts the current to be sensed 
into a voltage for current limit detection. 

Current Limit Ground Referred 



CURRENT LIMIT TRANSIENT SUPPRESSION 

When noise spikes and switching transients interfere with 
proper current limit operation, R1 and Cl act together as a 
low pass filter to control the current limit circuitry’s response 
time. 

Because the sense current of the current limit terminal var- 
ies according to where it is referenced, R1 should be less 
than 2 kCt when referenced to ground, and less than 100 Cl 
when referenced to Vj n . 

Current Limit Transient Suppressor Ground Referred 


V| N 




C. L. SENSE VOLTAGE MULTIPLICATION 

When a larger sense resistor value is desired, the voltage 
divider network, consisting of R1 and R2, may be used. This 
effectively multiplies the sense voltage by (1 + R1/R2). 
Also, Ri can be replaced by a diode to increase current limit 
sense voltage to about 800 mV (diode Vf + 110 mV). 


Current Limit Vj n Referred 



Current Limit Sense Voltage 
Multiplication Ground Referred 
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Typical Applications (Continued) 

Current Limit Sense Voltage Multiplication Vj n Referred 



UNDER-VOLTAGE LOCKOUT 

Under-voltage lockout is accomplished with few external 
components. When Vj n becomes lower than the zener 
breakdown voltage, the output transistor is turned off. This 
occurs because diode D1 will then become forward biased, 
allowing resistor R3 to sink a greater current from the non- 
inverting input than is sunk by the parallel combination of R1 
and R2 at the inverting terminal. R3 should be one-fifth of 
the value of R1 and R2 in parallel. 

Under Voltage Lockout 



MAXIMUM DUTY CYCLE LIMITING 

The maximum duty cycle can be externally limited by adjust- 
ing the charge to discharge ratio of the oscillator capacitor 
with a single external resistor. Typical values are 50 j^A for 
the charge current, 450 juA for the discharge current, and a 
voltage swing from 200 mV to 750 mV. Therefore, R1 is 
selected for the desired charging and discharging slopes 
and Cl is readjusted to set the oscillator frequency. 


Maximum Duty Cycle Limiting 
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DUTY CYCLE ADJUSTMENT 

When manual or mechanical selection of the output transis- 
tor’s duty cycle is needed, the circuit shown below may be 
used. The output will turn on with the beginning of each 
oscillator cycle and turn off when the current sunk by R2 
and R3 from the non-inverting terminal becomes greater 
than the current sunk from the inverting terminal. 

R1 should be less than 500 kft but greater than 100 kn to 
prevent loading of the oscillator. R2 should be approximate- 
ly 100 kH. R3 is used to adjust the duty cycle. 

When the sum of R2 and R3 is twice the value of R1, the 
duty cycle will be about 50%. Capacitor Cl may be electro- 
lytic to lower the oscillator frequency below 1 Hz. 

Duty Cycle Adjustment 



REMOTE SHUTDOWN 

The LM1578 may be remotely shutdown by sinking a great- 
er current from the non-inverting input than from the invert- 
ing input. This may be accomplished by selecting resistor 
R3 to be approximately one-half the value of R1 and R2 in 
parallel. 
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Typical Applications (Continued) 

Remote Shutdown— Shutdown Occurs When V|_ is High 
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SYNCHRONIZING DEVICES 

When several devices are to be operated at once, their os- 
cillators may be synchronized by the application of an exter- 
nal signal. This drive signal should be a pulse waveform with 
a minimum pulse width of 2 jxsec. and an amplitude from 


1 .5V to 2.0V. The signal source must be capable of 1.) driv- 
ing capacitive loads and 2.) delivering up to 500 /xA for each 
LM1578. 

Capacitors Cl thru CN are to be selected for a 20% slower 
frequency than the synchronization frequency. 


Synchronizing Devices 


1.5V 

TO 

2V 


0V 



2/is. 

(min.) 


Connection Diagram 
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Metal Can 


TOP VIEW 
V|N 
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Order Number LM1578H, LM2578H, or LM3578H 
See NS Package Number H08C 


Dual-ln-Line Package 
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Order Number LM2578N, LM3578N 
See NS Package Number N08E 
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LM2925 Low Dropout Regulator with Delayed Reset 


General Description 

The LM2925 features a low dropout, high current regulator. 
Also included on-chip is a reset function with an externally 
set delay time. Upon power up, or after the detection of any 
error in the regulated output, the reset pin remains in the 
active low state for the duration of the delay. Types of errors 
detected include any that cause the output to become 
unregulated: low input voltage, thermal shutdown, short cir- 
cuit, input transients, etc. No external pull-up resistor is nec- 
essary. The current charging the delay capacitor is very low, 
allowing long delay times. 

Designed primarily for automotive applications, the LM2925 
and all regulated circuitry are protected from reverse battery 
installations or 2 battery jumps. During line transients, such 
as a load dump (60V) when the input voltage to the regula- 
tor can momentarily exceed the specified maximum operat- 
ing voltage, the 0.75A regulator will automatically shut down 
to protect both internal circuits and the load. The LM2925 
cannot be harmed by temporary mirror-image insertion. Fa- 
miliar regulator features such as short circuit and thermal 
overload protection are also provided. 


Features 

S3 Output current in excess of 750 mA 

b Externally set delay for reset 

n Input-output differential less than 0.6V at 0.5A 

m Reverse battery protection 

m 60V load dump protection 

b -50V reverse transient protection 

b Short circuit protection 

b Internal thermal overload protection 

b Available in plastic TO-220 

m Long delay times available 

ej 100% electrical burn-in in thermal limit 


Typical Application Circuit 


V|N 



’’Required if regulator is located far from 
power supply filter. 

**Cout must be at least 10 juF to maintain 
stability. May be increased without bound 
to maintain regulation during transients. 
Locate as close as possible to the regula- 
tor. This capacitor must be rated over the 
same operating temperature range as the 
regulator. The equivalent series resist- 
ance (ESR) of this capacitor should be 
less than 1 ft over the expected operating 
temperature range. 


FIGURE 1. Test and Application Circuit 


Connection Diagram 


TO-220 5-Lead 


o 


2 5 RESET OUTPUT 
D 4 DELAY 

3 3 GROUND 

D 2 OUTPUT VOLTAGE (Vout) 
3 1 INPUT VOLTAGE (V| N ) 


FRONT VIEW 

Order Number LM2925T 
See NS Package Number T05A 


TL/H/5268-2 


1-208 



Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Input Voltage 

Operating Range 26V 

Overvoltage Protection 60V 

Internal Power Dissipation (Note 1) Internally Limited 


Electrical Characteristics for Vqut 

Vin = 14V, C2 = 10 fx f, Iq = 500 mA, Tj = 25°C (Note 3) (unless otherwise specified) 


Operating Temperature Range 

— 40°C to + 125°C 

Maximum Junction Temperature 

150°C 

Storage Temperature Range 

— 65°C to + 150°C 

Lead Temperature 


(Soldering, 10 seconds) 

230°C 


Parameter 

Conditions 

Min 

T yp 

Max | 

Units 

Note 2 

Output Voltage 

6V^ V| N <; 26V, l 0 <; 500 mA, 
-40°C^ Tj <: + 125°C 

4.75 

5.00 

5.25 

V 

Line Regulation 

9V £ V| N £ 16V, l 0 = 5 mA 


4 

25 

mV 


6V ^ V| N < 26V, l 0 =5mA 


10 

50 

mV 

Load Regulation 

5 mA ^ Iq ^ 500 mA 


10 

50 

mV 

Output Impedance 

500 mApc and 10 mArms, 

100 Hz-10 kHz 


200 


m(l 

Quiescent Current 

Iq ^ 10 mA 


3 


mA 


Iq = 500 mA 


40 

100 

mA 


Iq = 750 mA 


90 


mA 

Output Noise Voltage 

10 Hz-100 kHz 


100 


jixVrms 

Long Term Stability 



20 


mV/1000 hr 

Ripple Rejection 

f 0 = 120 Hz 


66 


dB 

Dropout Voltage 

lo= 500 mA 


0.45 

0.6 

V 


Iq = 750 mA 


0.82 


V 

Current Limit 


0.75 

1.2 


A 

Maximum Operational 

Input Voltage 


26 

31 


V 

Maximum Line Transient 

V 0 <: 5.5V 

60 

70 


V 

Reverse Polarity Input 
Voltage, DC 

V 0 ^ - 0.6V, 1 0(1 Load 

-15 

-30 


V 

Reverse Polarity Input 

1 % Duty Cycle, -TA < 100 ms, 

-50 

-80 


V 

Voltage, Transient 

10(1 Load 






Electrical Characteristics for Reset Output 

V|n = 14V, C3 = 0.1 jliF, Ta = 25°C (Note 3) (unless otherwise specified) 


Parameter 


Conditions 


Min 


Typ 


Max 


Note 2 


Units 


Reset Voltage 
Output Low 
Output High 


•SINK = 1-6 mA 

Source = ° 


4.5 


0.3 

5.0 


0.6 

5.5 


Reset Internal Pull-up Resistor 


30 


kft 


Reset Output Current Limit 


Vreset = 1-2 V 


mA 


Vout Threshold 


4.5 


Delay Time 


C 3 = .005 jllF 

C 3 = 0.1 juF 

C 3 = 4.7 jaF tantalum 


150 


12 

250 

12 


300 


ms 

ms 

s 


Delay Current 


Pin 4 


1.2 


1.6 


2.0 


juA 


Note 1: Thermal resistance without a heat sink for junction to case temperature is 3°C/W (TO-220). Thermal resistance for TO-220 case to ambient temperature is 
50°C/W. 

Note 2: These parameters are guaranteed and 100% production tested. 

Note 3: To ensure constant junction temperature, low duty cycle pulse testing is used. 
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Definition of Terms 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further reduc- 
tion in input voltage. Measured when the output voltage has 
dropped 100 mV from the nominal value obtained at 14V 
input, dropout voltage is dependent upon load current and 
junction temperature. 

Input Voltage: The DC voltage applied to the input termi- 
nals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output volt- 
age for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

Long Term Stability: Output voltage stability under accel- 
erated life-test conditions after 1000 hours with maximum 
rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: The part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage. 
Temperature Stability of Vq: The percentage change in 
ouput voltage for a thermal variation from room temperature 
to either temperature extreme. 


Application Hints 

EXTERNAL CAPACITORS 

The LM2925 output capacitor is required for stability. With- 
out it, the regulator output will oscillate, sometimes by many 
volts. Though the 10 juF shown is the minimum recommend- 
ed value, actual size and type may vary depending upon the 
application load and temperature range. Capacitor effective 
series resistance (ESR) also effects the 1C stability. Since 
ESR varies from one brand to the next, some bench work 
may be required to determine the minimum capacitor value 
to use in production. Worst-case is usually determined at 
the minimum junction and ambient temperature and maxi- 
mum load expected. 

Output capacitors can be increased in size to any desired 
value above the minimum. One possible purpose of this 
would be to maintain the output voltages during brief condi- 
tions of negative input transients that might be characteris- 
tic of a particular system. 

Capacitors must also be rated at all ambient temperatures 
expected in the system. Many aluminum type electrolytics 
will freeze at temperatures less than -30°C, reducing their 
effective capacitance to zero. To maintain regulator stability 
down to -40°C, capacitors rated at that temperature (such 
as tantalums) must be used. 

RESET OUTPUT 

The range of values for the delay capacitor is limited only by 
stray capacitances on the lower extreme and capacitance 
leakage on the other. Thus, delay times from microseconds 
to seconds are possible. The low charging current, typically 
2.0 microamps, allows the use of small, inexpensive disc 
capacitors for the nominal range of 100 to 500 milliseconds. 
This is the time required in many microprocessor systems 
for the clock oscillator to stabilize when initially powered up. 
The RESET output of the regulator will thus prevent errone- 
ous data and/or timing functions to occur during this part of 
operation. The same delay is incorporated after any other 
fault condition in the regulator output is corrected. 
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National 
Semiconductor 
Corporation 

LM2930 3-Terminal Positive Regulator 

General Description 

The LM2930 3-terminal positive regulator features an ability 
to source 150 mA of output current with an input-output 
differential of 0.6V or less. Efficient use of low input voltages 
obtained, for example, from an automotive battery during 
cold crank conditions, allows 5V circuitry to be properly 
powered with supply voltages as low as 5.6V. Familiar regu- 
lator features such as current limit and thermal overload 
protection are also provided. 

Designed originally for automotive applications, the LM2930 
and all regulated circuitry are protected from reverse battery 
installations or 2 battery jumps. During line transients, such 
as a load dump (40V) when the input voltage to the regula- 
tor can momentarily exceed the specified maximum operat- 
ing voltage, the regulator will automatically shut down to 
protect both internal circuits and the load. The LM2930 can- 
not be harmed by temporary mirror-image insertion. 

Fixed outputs of 5V and 8V are available in the plastic TO- 
220 power package. 


Features 

■ Input-output differential less than 0.6V 

■ Output current in excess of 150 mA 

■ Reverse battery protection 

■ 40V load dump protection 

■ Internal short circuit current limit 

■ Internal thermal overload protection 

■ Mirror-image insertion protection 

■ 100% electrical burn-in in thermal limit 

Voltage Range 

LM2930T-5.0 5V 

LM2930T-8.0 8V 



Schematic and Connection Diagrams 



GND 


; -7T33 OUTPUT 

o 


3Z '"J GND 



) INPUT 


FRONT VIEW 


Order Number LM2930T-5.0 or LM2930T-8.0 
See NS Package T03B 


TL/H/5539-1 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Internal Power Dissipation (Note 1) Internally Limited 

contact the National Semiconductor Sales Office/ Operating Temperature Range -40»Cto +85»C 

Distributors for availability and specifications. Maximum Junct|on Temperature 125«C 

'"Kai'ng Range 26V Storage Temperature Range - 65"C to + 1 50»C 

Overvoltage Protection 40V Lead T em P- (Soldering, 1 0 seconds) 230°C 

Reverse Voltage (1 00 ms) - 1 2 V 

Reverse Voltage (DC) - 6 V 

Electrical Characteristics (Note 2 ) 

LM2930T-5.0 V|n = 14V, Iq= 150 mA, Tj = 25°C (Note 5), C2=10 jllF, unless otherwise specified 




Tested 

Design 


Parameter 

Conditions 

Typ 

Limit 

Limit 

Unit 




■I^^M 

(Note 4) 


Output Voltage 


5 



V MAX 






Vmin 


6V<;V| N ^26V, 5 mA^l o ^150 mA 



5.5 

Vmax 


-40 o C^Tj^125°C 



4.5 

Vmin 

Line Regulation 

9V^V| N ^16V, l 0 = 5 mA 

7 

25 


mV M AX 


6V<SV| N ^26V, l 0 = 5mA 

30 

80 


™Vmax 

Load Regulation 

5 mA^lo^150 mA 

14 

50 


hiVmax 

Output Impedance 

1 00 itiAdc & 1 0 mA rms , 1 00 Hz - 1 0 kHz 

200 



mfl 

Quiescent Current 

Iq — 10 mA 

4 

7 


mA MAX 


lo = 150 mA 

18 

40 


mA M AX 


10 Hz-100 kHz 

140 



/^Vems 



20 



mV/1000 hr 

Ripple Rejection 

f 0 = 1 20 Hz 

56 



dB 

Current Limit 


400 

700 


™a M ax 




150 


mA M iN 

Dropout Voltage 

lo = 150 mA 

0.32 

0.6 


Vmax 

Output Voltage Under 

- 1 2V ^ v !N ^ 40 V, r l = 1 oon 


5.5 



Transient Conditions 



-0.3 



Electrical Characteristics (Note 2 ) 





[ LM2930T-8.0 (V|n = 14V, lo = 150 mA, Tj = 25°C (Note 5), C2=10 jllF, unless otherwise specified) 





Tested 

Design 


Parameter 

Conditions 

Typ 

Limit 

Limit 

Unit 




(Note 3) 

(Note 4) 


Output Voltage 


8 

8.5 


Vmax 




7.5 


Vmin 


9.4V^V| N ^26V, 5 mA^l o ^150 mA, 



8.8 

Vmax 


-40 o C^Tj^125°C 



7.2 

Vmin 

Line Regulation 

9.4V <;V| N <; 16V, l 0 =5mA 

12 

50 


mV MAX 


9.4V ^V| N ^ 26V, l 0 = 5 mA 

50 

100 


mV M AX 

Load Regulation 

5 mA^lo^150 mA 

25 

50 


mV M AX 

Output Impedance 





mfl 

Quiescent Current 

lo= 10 mA 

4 

7 


m A M AX 


Iq= 150 mA 

18 

40 


mA M AX 

Output Noise Voltage 

10 Hz- 100 kHz 

170 



M'Vrms 

Long Term Stability 


30 



mV/ 1000 hr 

Ripple Rejection 

f 0 = 1 20 Hz 

52 



dB 

Current Limit 


400 

700 


™Amax 




150 


riAmin 

Dropout Voltage 

lo=150 mA 

0.32 

0.6 



Output Voltage Under 

-12V^V| N ^40V, R l =100H 


8.8 



Transient Conditions 



-0.3 
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Note 1: Thermal resistance without a heat sink for junction to case temperature is 3°C/W and for case to ambient temperature is 50°C/W. 

Note 2: All characteristics are measured with a capacitor across the input of 0.1 juF and a capacitor across the output of 10 ju,F. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (tw^lO ms, duty cycle £5%). Output voltage changes due to changes in internal tempera- 
ture must be taken into account separately. 

Note 3: Guaranteed and 100% production tested. 

Note 4: Guaranteed (but not 100% production tested) over the operating temperature and input current ranges. These limits are not used to calculate outgoing 
quality levels. 

Note 5: To ensure constant junction temperature, low duty cycle pulse testing is used. 


Typical Application 


LM2930 



* Required if regulator is located far 
from power supply filter. 

**Cqut must be at least 10 ju.F to 
maintain stability. May be increased without 
bound to maintain regulation during 
transients. Locate as close as possible 
to the regulator. This capacitor must be 
rated over the same operating temperature 
range as the regulator. The equivalent 
series resistance (ESR) of this capacitor 
should be less than 1ft over the 
expected operating temperature range. 


Typical Performance Characteristics 


Output Impedance 



1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Overvoltage Supply Current 

30 , 1 1 1 1— t r — i 1 


1 I 

R l = 100ft 

T: = 25°C 



























> 















r 







_ 



20 25 30 35 40 

INPUT VOLTAGE (V) 


Reverse Supply Current 



-12 -10 -8 -6 -4 -2 0 

INPUT VOLTAGE (V) 



-12 -10 -8 -6 -4 -2 0 


INPUT VOLTAGE (V) 


Output at Overvoltage 



30 35 40 

INPUT VOLTAGE (V) 


Output Voltage (Normalized 



40 20 0 20 40 60 80 100 120 140 

JUNCTION TEMPERATURE ( U C) 

TL/H/5539-4 
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Definition of Terms 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further reduc- 
tion in input voltage. Measured when the output voltage has 
dropped 100 mV from the nominal value obtained at 14V 
input, dropout voltage is dependent upon load current and 
junction temperature. 

Input Voltage: The DC voltage applied to the input termi- 
nals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output volt- 
age for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 


Long Term Stability: Output voltage stability under accel- 
erated life-test conditions after 1000 hours with maximum 
rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage. 
Temperature Stability of Vq: The percentage change in 
output voltage for a thermal variation from room tempera- 
ture to either temperature extreme. 


Maximum Power 



0 10 20 30 40 50 60 70 80 90 100 
AMBIENT TEMPERATURE (°C) 

TL/H/5539-6 
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LM2931 Series Low Dropout Regulators 


General Description 

The LM2931 positive voltage regulator features a very low 
quiescent current of 1 mA or less when supplying 10 mA 
loads. This unique characteristic and the extremely low in- 
put-output differential required for proper regulation (0.2V 
for output currents of 10 mA) make the LM2931 the ideal 
regulator for standby power systems. Applications include 
memory standby circuits, CMOS and other low power proc- 
essor power supplies as well as systems demanding as 
much as 1 00 m A of output current. 

Designed originally for automotive applications, the LM2931 
and all regulated circuitry are protected from reverse battery 
installations or 2 battery jumps. During line transients, such 
as a load dump (60V) when the input voltage to the regula- 
tor can momentarily exceed the specified maximum operat- 
ing voltage, the regulator will automatically shut down to 
protect both internal circuits and the load. The LM2931 can- 
not be harmed by temporary mirror-image insertion. Familiar 
regulator features such as short circuit and thermal overload 
protection are also provided. 

Fixed output of 5V is available in the plastic TO-220 power 
package or the popular TO-92 package. An adjustable out- 
put version, with on/off switch, is available in a 5-lead TO- 
220 package. 


Features 

n Very low quiescent current 
n Output current in excess of 100 mA 

■ Input-output differential less than 0.6V 

■ Reverse battery protection 

■ 60V load dump protection 

■ -50V reverse transient protection 
a Short circuit protection 

a Internal thermal overload protection 
a Mirror-image insertion protection 
b Available in plastic TO-220 or TO-92 
a Available as adjustable with TTL compatible switch 
b 100% electrical burn-in in thermal limit 

Output Voltage Options 

LM2931T-5.0 5V LM2931AT-5.0 5V 

LM2931Z-5.0 5V LM2931AZ-5.0 5V 

LM2931CT Adjustable 


Schematic and Connection Diagrams 



TO-220 3-Lead 


OUT 
>GND 
IN 

Front View 

Order Number LM2931 
See NS Package T03B, Z03A, T05A 


TO-92 




TO-220 5-Lead 


^ OUT 
15 IN 

D»gnd 

D 0N/0FF 
ADJUST 


Front View 



TL/H/5254-1 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Input Voltage 26V 

Operating Range 
Overvoltage Protection 

LM2931A, LM2931CT Adjustable 60V 

LM2931 50V 


Internal Power Dissipation (Note 1) 
Operating Temperature Range 
Maximum Junction Temperature 
Storage Temperature Range 
Lead Temp. (Soldering, 10 seconds) 


Internally Limited 
— 40°C to +85°C 
125°C 

— 65°C to + 1 50°C 
230°C 


Electrical Characteristics 

Vin = 14V, Iq = 10 mA, Tj = 25°C (Note 1), C2 = 100 jllF (unless otherwise specified) 

LM2931A-5.0 

„ _ .... Test Design 

Parameter Conditions _ , . m . . " _ 

Typ Limit Limit Typ 

(Note 2) (Note 3) 


Parameter 

Conditions 

Output Voltage 



6.0V <;V| N <^ 26V, l o 100 mA 
-40°C^Tj^125°C 


LM293 1-5.0 

Tested Design 
Limit Limit 
(Note 2) (Note 3) 


IHEqIHkI 



Line Regulation 

Load Regulation 
Output Impedance 
Quiescent Current 


Output Noise Voltage 
Long Term Stability 


Ripple Rejection 


9V<;V| N <;i6V 2 

6V^V| N ^26V 4_ 

5mA^lo^100mA 14 

100 mApc and 10 rnA rms , 100 Hz- 10 kHz 200 

l 0 <: 1 0 mA, 6V ^ V !N <; 26V 0.4 

-40°C^Tj^125°C 

lo= 100 mA, V| N = 1 4V, Tj = 25°C 1 5 

1 0 Hz- 1 00 kHz, C 0 UT = 1 00 julF 500 


mV M AX 

mV M AX 


mVMAX 

m^MAX 

mA MA x 

mAMlN 

mA MAX 

htiAmin 
/^ v rmsMAX 
mV/1000 hr 



Dropout Voltage 

Iq = 10 mA 
lo= 100 mA 

0.05 

0.3 

0.2 

0.6 


0.05 

0.3 

0.2 

0.6 


3 3 
> > 

Maximum Operational 
Input Voltage 


33 

26 


33 

26 


1! 

Maximum Line Transient 

R L =500n, V 0 ^5.5V, 100 ms 

70 

60 


70 

50 


V MIN 

Reverse Polarity Input 
Voltage, DC 

V 0 ^ —0.3V, R l = 500(1 

-30 

-15 


-30 

-15 


VmIN 

Reverse Polarity Input 
Voltage, Transient 

1 % Duty Cycle, t<. 100 ms, R|_ = 500n 

-80 

-50 


-80 

-50 


Vmin 


Note 1: To ensure constant junction temperature, low duty cycle pulse testing is used. 

Note 2: Guaranteed and 100% production tested. 

Note 3: Guaranteed (but not 100% production tested) over the operating temperature and input current ranges. These limits are not used to calculate outgoing 
quality levels. 

Note 4: Thermal resistance junction-to-case (0j c ) is 3°C/W; case-to-ambient is 50°C/W. 
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Electrical Characteristics for Adjustable lm293ict 





V|n = 14V, Vout= 3V, l o =10 mA, Tj = 25°C (Note 1), R1 =27k, C2=100 ju, F (unless otherwise specified) 


Parameter 

Conditions 

Typ 

Tested 

Limit 

Design 

Limit 

Units 

Limit 

Reference Voltage 


1.20 

1.26 


VmAX 




1.14 


VmIN 


l o ^100 mA, — 40°C ^Tj= <: 1 25°C, R1 = 27k 



1.32 

V MAX 


Measured from Vqut to Adjust Pin 



1.08 

Vmin 

Output Voltage Range 



24 


Vmax 




3 


Vmin 

Line Regulation 

V OU t+0.6V<;V| N ^26V 

0.2 

1.5 


mV/V MAX 

Load Regulation 

5 mA^lo^lOO mA 

0.3 

1 


% MAX 

Output Impedance 

1 00 itiAdc and 1 0 mA rms , 1 00 Hz- 1 0 kHz 

40 



m n/v 

Quiescent Current 

Iq= 10 mA 

0.4 

1 


mAMAX 


Iq = 100 mA 

15 



mA 


During Shutdown R|_=500fl 

0.8 

1 


mAMAX 

Output Noise Voltage 

10 Hz- 100 kHz 

100 



j*V rms /V 

Long Term Stability 


0.4 



%/1000 hr 

Ripple Rejection 

f 0 = 1 20 Hz 

0.02 



%/V 

Dropout Voltage 

Iq^ 10 mA 

0.05 

0.2 


Vmax 


Iq= 100 mA 

0.3 

0.6 


Vmax 

Maximum Operational Input 
Voltage 


33 

26 


Vmin 

Maximum Line Transient 

Iq = 1 0 mA, Reference Voltage < 1 .5V 

70 

60 


Vmin 

Reverse Polarity Input 
Voltage, DC 

V o ^-0.3V, r l = soon 

-30 

-15 


Vmin 

Reverse Polarity Input 
Voltage, Transient 

1 % Duty Cycle, T^ 1 00 ms, Rl = 500Q 

-80 

-50 


Vmin 

On/Off Threshold Voltage 

> 

CO 

II 

£ 





On 


2.0 

1.2 


Vmax 

Off 


2.2 

3.25 


Vmin 

On/Off Threshold Current 


20 

50 


/j-Amax 
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ON/OFF VOLTAGE THRESHOLDS (V) OUTPUT IMPEDANCE (S2) 


Typical Performance Characteristics (Continued) 


Operation During Load 

Output Impedance Dump Reference Voltage 



FREQUENCY (Hz) TIME (mi) OUTPUT VOLTAGE (V) 


Maximum Power Dissipation Maximum Power Dissipation 

On/Off Threshold (TO-220) (TO-92) 



0 3 6 9 12 15 18 21 24 0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 


OUTPUT VOLTAGE (V) AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 

TL/H/5254-3 

Typical Applications 

LM2931 Adjustable 

v cc 



TL/H/5254-4 

* Required if regulator is located far from power 
supply filter. 

V 0UT = Reference Voltage X - R1 J~ R - **C 0 ut must be at least 22 jxF to maintain stabili- 

R1 ty. May be increased without bound to maintain 

Note: Using 28k for R1 will automatically com- regulation during transients. Locate as close as 

pensate for errors in Vout due to the input bias possible to the regulator. This capacitor must 

current of the ADJ pin (approximately 1 ju.A). be rated over the same operating temperature 

range as the regulator. The equivalent series 
resistance (ESR) of this capacitor should be 
less than 1 fl over the expected operating tem- 
perature range. 
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Application Hints 

One of the distinguishing factors of the LM2931 series regu- 
lators is the requirement of an output capacitor for device 
stability. The value required varies greatly depending upon 
the application circuit and other factors. Thus some com- 
ments on the characteristics of both capacitors and the reg- 
ulator are in order. 

High frequency characteristics of electrolytic capacitors de- 
pend greatly on the type and even the manufacturer. As a 
result, a value of capacitance that works well with the 
LM2931 for one brand or type may not necessary be suffi- 
cient with an electrolytic of different origin. Sometimes actu- 
al bench testing, as described later, will be the only means 
to determine the proper capacitor and value. Experience 
has shown that, as a rule of thumb, the more expensive and 
higher quality electrolytics generally allow a smaller value 
for regulator stability. As an example, while a high-quality 
100 julF aluminum electrolytic covers all general application 
circuits, similar stability can be obtained with a tantalum 
electrolytic of only 47 juF. This factor of two can generally 
be applied to any special application circuit also. 

Another critical characteristic of electrolytics is their per- 
formance over temperature. While the LM2931 is designed 
to operate to -40°C, the same is not always true with all 
electrolytics (hot is generally not a problem). The electrolyte 
in many aluminum types will freeze around -30°C, reducing 
their effective value to zero. Since the capacitance is need- 
ed for regulator stability, the natural result is oscillation (and 
lots of it) at the regulator output. For all application circuits 
where cold operation is necessary, the output capacitor 
must be rated to operate at the minimum temperature. By 
coincidence, worst-case stability for the LM2931 also oc- 
curs at minimum temperatures. As a result, in applications 
where the regulator junction temperature will never be less 
than 25°C, the output capacitor can be reduced approxi- 
mately by a factor of two over the value needed for the 
entire temperature range. To continue our example with the 
tantalum electrolytic, a value of only 22 juF would probably 
thus suffice. For high-quality aluminum, 47 juF would be ad- 
equate in such an application. 

Another regulator characteristic that is noteworthy is that 
stability decreases with higher output currents. This sensible 
fact has important connotations. In many applications, the 
LM2931 is operated at only a few milliamps of output cur- 
rent or less. In such a circuit, the output capacitor can be 
further reduced in value. As a rough estimation, a circuit that 
is required to deliver a maximum of 10 mA of output current 
from the regulator would need an output capacitor of only 
half the value compared to the same regulator required to 
deliver the full output current of 100 mA. If the example of 
the tantalum capacitor in the circuit rated at 25°C junction 
temperature and above were continued to include a maxi- 
mum of 10 mA of output current, then the 22 juF output 
capacitor could be reduced to only 10 ji F. 

In the case of the LM2931CT adjustable regulator, the mini- 
mum value of output capacitance is a function of the output 
voltage. As a general rule, the value decreases with higher 
output voltages, since internal loop gain is reduced. 


At this point, the procedure for bench testing the minimum 
value of an output capacitor in a special application circuit 
should be clear. Since worst-case occurs at minimum oper- 
ating temperatures and maximum operating currents, the 
entire circuit, including the electrolytic, should be cooled to 
the minimum temperature. The input voltage to the regulator 
should be maintained at 0.6V above the output to keep in- 
ternal power dissipation and die heating to a minimum. 
Worst-case occurs just after input power is applied and be- 
fore the die has had a chance to heat up. Once the mini- 
mum value of capacitance has been found for the brand 
and type of electrolytic in question, the value should be dou- 
bled for actual use to account for production variations both 
in the capacitor and the regulator. (All the values in this 
section and the remainder of the data sheet were deter- 
mined in this fashion.) 

Definition of Terms 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further reduc- 
tion in input voltage. Measured when the output voltage has 
dropped 100 mV from the nominal value obtained at 14V 
input, dropout voltage is dependent upon load current and 
junction temperature. 

Input Voltage: The DC voltage applied to the input termi- 
nals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output volt- 
age for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

Long Term Stability: Output voltage stability under accel- 
erated life-test conditions after 1000 hours with maximum 
rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage. 
Temperature Stability of V 0 : The percentage change in 
output voltage for a thermal variation from room tempera- 
ture to either temperature extreme. 
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LM2935 Low Dropout Dual Regulator 


General Description 

The LM2935 positive voltage regulator features a low quies- 
cent current of 3 mA or less when supplying 10 mA loads 
from the standby regulator output. This unique characteristic 
and the extremely low input-output differential required for 
proper regulation (0.55V for output currents of 1 0 mA) make 
the LM2935 the ideal regulator for power systems that in- 
clude standby memory. Applications include processor pow- 
er supplies demanding as much as 750 mA of output cur- 
rent. 

Designed originally for automotive applications, the LM2935 
and all regulated circuitry are protected from reverse battery 
installations or 2 battery jumps. During line transients, such 
as a load dump (60V) when the input voltage to the regula- 
tor can momentarily exceed the specified maximum operat- 
ing voltage, the 0.75A regulator will automatically shut down 
to protect both internal circuits and the load while the stand- 
by regulator will continue to power any standby load. The 
LM2935 cannot be harmed by temporary mirror-image in- 
sertion. Familiar regulator features such as short circuit and 
thermal overload protection are also provided. 


Fixed outputs of 5V are available in the plastic TO-220 pow- 
er package. 

Features 

■ Two regulated outputs 

■ Output current in excess of 750 mA 

h Low quiescent current standby regulator 
b Input-output differential less than 0.6V at 0.5A 
a Reverse battery protection 
a 60V load dump protection 
b - 50V reverse transient protection 
a Short circuit protection 
b Internal thermal overload protection 
□ Available in plastic TO-220 
b ON/OFF switch for high current output 
b Reset error flag 

b 100% electrical burn-in in thermal limit 


Typical Application Circuit 


ViN 

9 


A, -1-ci* 

S1 -A ^o.i 
ON/OFF -i- 


FLAG 



INPUT 

OUTPUT 

VOLTAGE 

VOLTAGE 

SWITCH/ 

RESET 

LM2935 

(FOR Vout ONLY) 


GND 



J 


2 Q VOUT 5V 

7? ° 750 mA 

-L- C2** 

'I'lQ/iF 


IT io if 


STANDBY 5V 
OUTPUT 10 mA 


TL/H/5232-1 

FIGURE 1. Test and Application Circuit 


‘Required if regulator is located far from power 
supply filter. 

**Cout must be at least 10 juF to maintain stability. 
May be increased without bound to maintain reg- 
ulation during transients. Locate as close as pos- ■ 
sible to the regulator. This capacitor must be rat- 
ed over the same operating temperature range 
as the regulator. The equivalent series resistance 
(ESR) of this capacitor should be less than Ifl 
over the expected operating temperature range. 


Connection Diagram 


TO-220 5-Lead 


3 5 STANDBY OUTPUT 

^ 4 SW | TCH/RESET 

> 3 GROUND 

^ 2 0UTPUT voltage (Vout) 

~ Z3 > 1 INPUT VOLTAGE (Vin) 

TL/H/5232-8 

Front View 


O 


Order Number LM2935T 
See NS Package Number T05A 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Internal Power Dissipation (Note 1) 

contact the National Semiconductor Sales Office/ Operating Temperature Range — 

Distributors for availability and specifications. Maxirnum JuncUon Temperature 

Input Voltage Storage T emperature Range - 

Operating Range 26V Lead Temp (So | dering> 1 0 sec0 nds) 

Overvoltage Protection 60V 

Electrical Characteristics for Vqut 

Vin = 14V, Iq = 500 mA, Tj = 25°C (Note 4), C2 = 10 juF (unless otherwise specified) 

Internally Limited 
40°C to + 125°C 

150°C 

65°C to + 150°C 

230°C 




Tested 


Parameter 

Conditions 

Typ 

Limit 

Units 

Limit 




(Note 3) 


Output Voltage 

6V^V| N ^26V, 5 mA^l o ^500 mA, 

5 00 

5.25 

VMAX 


-40°C^Tj^125°C (Note 2) 


4.75 

VmIN 

Line Regulation 

9V^V IN ^16V, l 0 = 5 mA 

4 

25 

mV MA x 


6V^V|m^ 26V, l 0 =5mA 

10 

50 

mV MAX 

Load Regulation 

5 mA^lo^500 mA 

10 

50 


Output Impedance 

500 mApc and 10 mA rms , 100 Hz- 10 kHz 

200 


mn 

Quiescent Current 

Iq^IO mA, No Load on Standby 

3 


mA 


lo=500 mA, No Load on Standby 

40 

100 

™Am A x 


Iq= 750 mA, No Load on Standby 

90 


mA 

Output Noise Voltage 

10 Hz- 100 kHz 

100 


pVrms 

Long Term Stability 


20 



Ripple Rejection 

f o =120 Hz 

66 


dB 

Dropout Voltage 

Iq = 500 mA 

0.45 

0.6 

Vmax 


lo = 750 mA 

0.82 



Current Limit 


1.2 

0.75 

Amin 

Maximum Operational 





Input Voltage 


31 

26 


Maximum Line Transient 

V 0 ^ 5.5V 

70 

60 

V 

Reverse Polarity Input 


-30 

-15 

V 

Voltage, DC 





Reverse Polarity Input 

1 % Duty Cycle, r ^ 1 00 ms, 

-80 

-50 

V 

Voltage, Transient 

10ft Load 




Reset Output Voltage 





Low 

R1 =20k, V 1N = 4.0V 

0.9 

1.2 

Vmax 

High 

R1 =20k, V| N = 14V 

5.0 

6.0 

Vmax 




4.5 

v min 

Reset Output Current 

Reset = 1.2 V 

5 


mA 

ON/OFF Resistor 

R1 (± 10% Tolerance) 


20 

kfi MAX 

Note 1: Thermal resistance without a heat sink for junction to case temperature is 3°C/W(TO-220). Thermal resistance for TO-220 case to ambient temperature is 

50° C/W. 





Note 2: The temperature extremes are guaranteed but not 100% production tested. This parameter is not used to calculate outgoing AQL. J 

Note 3: Tested Limits are guaranteed and 100% tested in production. 




Note 4: To ensure constant junction temperature, low duty cycle pulse testing is used. 
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Electrical Characteristics for Standby Output 

1q —10 mA, V|n = 14V, SI open, Cout = 1 ° /xF, Tj = 25°C (Note 4), (unless otherwise specified) 


Parameter 

Standby Output 

Conditions 

Typ 

Tested 

Limit 

Units 

Limit 

Output Voltage 

lo^lOmA, 6V<rV| N ^26V, 

5.00 

5.25 

V MAX 


— 40°C<Tj^ 125°C 

4.75 

V MIN 

Tracking 

VouT“Standby Output Voltage 

50 

200 

mV MAX 

Line Regulation 

6V£V| N ^26V 

4 

50 

™Vmax 

Load Regulation 

1 mA^lo^lO mA 

10 

50 

mV MAX 

Output Impedance 

1 0 mApc and 1 mA rms , 1 00 Hz- 1 0 kHz 

1 


n 

Quiescent Current 

Iq^IO mA, 

VoutOFF (Note 2) 

2 

3 

mA MAX 

Output Noise Voltage 

10 Hz-1 00 kHz 

300 


jaV 

Long Term Stability 


20 


mV/1000 hr 

Ripple Rejection 

f 0 = 120 Hz 

66 


dB 

Dropout Voltage 

Iq^IO mA 

0.55 

0.7 

Vmax 

Current Limit 


70 

25 

mA M iN 

Maximum Operational 
Input Voltage 

V 0 <;6V 

70 

60 

V MIN 

Reverse Polarity Input 
Voltage, DC 

V o ^-0.3V, 510H Load 

-30 

-15 

V MIN 
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Typical Performance Characteristics (Continued) 


Quiescent Current (Vqut) 



0 100 200 300 400 500 600 700 800 
Vout-OUTPUT CURRENT (mA) 
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—— 
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80 
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F= 60 
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C3=10^F 


VouT 

Iout= 500 mA 
C2 = 10 n? 


100 Ik 

FREQUENCY (Hz) 


Output Impedance 



Quiescent Current (Vstby) 
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STANDBY OUTPUT CURRENT (mA) 



-20 -10 0 10 20 30 40 50 
INPUT VOLTAGE (V) 


Ripple Rejection (Vqut) 
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Quiescent Current (Vqut) 
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■ 

IS 
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2a 

II 

1 

bi 

■ 

■ 






















1 
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1 

i 

a 

i 
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a 
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■ 

HI 

S9 
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TL/H/5232-4 
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FIGURE 3 


TL/H/5232-5 


Circuit Schematic 



Definition of Terms 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further reduc- 
tion in input voltage. Measured when the output voltage has 
dropped 100 mV from the nominal value obtained at 14V 
input, dropout voltage is dependent upon load current and 
junction temperature. 

Input Voltage: The DC voltage applied to the input termi- 
nals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output volt- 
age for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

Long Term Stability: Output voltage stability under accel- 
erated life-test conditions after 1000 hours with maximum 
rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: The part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage. 
Temperature Stability of Vq: The percentage change in 
output voltage for a thermal variation from room tempera- 
ture to either temperature extreme. 

Application Hints 

EXTERNAL CAPACITORS 

The LM2935 output capacitors are required for stability. 
Without them, the regulator outputs will oscillate, sometimes 
by many volts. Though the IOjllF shown are the minimum 
recommended values, actual size and type may vary de- 
pending upon the application load and temperature range. 
Capacitor effective series resistance (ESR) also factors in 
the 1C stability. Since ESR varies from one brand to the 
next, some bench work may be required to determine the 
minimum capacitor value to use in production. Worst-case is 
usually determined at the minimum ambient temperature 
and maximum load expected. 

Output capacitors can be increased in size to any desired 
value above the minimum. One possible purpose of this 
would be to maintain the output voltage during brief condi- 
tions of negative input transients that might be characteris- 
tic of a particular system. 

Capacitors must also be rated at all ambient temperatures 
expected in the system. Many aluminum type electrolytics 
will freeze at temperatures less than -30°C, reducing their 
effective capacitance to zero. To maintain regulator stability 
down to — 40°C, capacitors rated at that temperature (such 
as tantalums) must be used. 

No capacitor must be attached to the ON/OFF and ERROR 
FLAG pin. Due to the internal circuits of the 1C, oscillation on 
this pin could result. 


STANDBY OUTPUT 

The LM2935 differs from most fixed voltage regulators in 
that it is equipped with two regulator outputs instead of one. 
The additional output is intended for use in systems requir- 
ing standby memory circuits. While the high current regula- 
tor output can be controlled with the ON/OFF pin described 
below, the standby output remains on under all conditions 
as long as sufficient input voltage is applied to the 1C. Thus, 
memory and other circuits powered by this output remain 
unaffected by positive line transients, thermal shutdown, 
etc. 

The standby regulator circuit is designed so that the quies- 
cent current to the 1C is very low (<3 mA) when the other 
regulator output is off. 

In applications where the standby output is not needed, it 
may be disabled by connecting a resistor from the standby 
output to the supply voltage. This eliminates the need for a 
more expensive capacitor on the output to prevent unwant- 
ed oscillations. The value of the resistor depends upon the 
minimum input voltage expected for a given system. Since 
the standby output is shunted with an internal 5.7V zener 
[Figure 3), the current through the external resistor should 
be sufficient to bias R2 and R3 up to this point. Approxi- 
mately 60 juA will suffice, resulting in a 10k external resistor 
for most applications {Figure 4). 



FIGURE 4. Disabling Standby Output to Eliminate C3 
HIGH CURRENT OUTPUT 

Unlike the standby regulated output, which must remain on 
whenever possible, the high current regulated output is fault 
protected against overvoltage and also incorporates ther- 
mal shutdown. If the input voltage rises above approximate- 
ly 30V (e.g., load dump), this output will automatically shut- 
down. This protects the internal circuitry and enables the 1C 
to survive higher voltage transients than would otherwise be 
expected. Thermal shutdown is effective against die over- 
heating since the high current output is the dominant source 
of power dissipation in the 1C. 

ON/OFF AND ERROR FLAG PIN 

This pin has the ability to serve a dual purpose if 
desired. When controlled in the manner shown in Figure 1 
(common in automotive systems where SI is the ignition 
switch), the pin also serves as an output flag that is active 
low whenever a fault condition is detected with the high 
current regulated output. In other words, under normal 
operating conditions, the output voltage of this pin is high 
(5V). This is set by an internal clamp. If the high current 
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Application Hints (Continued) 

output becomes unregulated for any reason (line transients, 
short circuit, thermal shutdown, low input voltage, etc.) the 
pin switches to the active low state, and is capable of sink- 
ing several milliamps. This output signal can be used to initi- 
ate any reset or start-up procedure that may be required of 
the system. 

The ON/OFF pin can also be driven directly from logic cir- 
cuits. The only requirement is that the 20k pull-up resistor 



FIGURE 5. Controlling ON/OFF Terminal with a Typical 
CMOS or TTL Logic Gate 


remain in place (Figure 5). This will not affect the logic gate 
since the voltage on this pin is limited by the internal clamp 
in the LM2935 to 5V. The error flag is sacrificed in this ar- 
rangement since the maximum sink capability of the pin in 
the active low state (approximately 5 mA) is usually not suf- 
ficient to pull down the active high logic gate. Of course, the 
flag can be retained if the driving gate is open collector 
logic. 



FIGURE 6. Reset Pulse on Power-Up 
(with approximately 300 ms delay) 
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LM2940 1A Low Dropout Regulator 


General Description 

The LM2940 positive voltage regulator features the ability to 
source 1A of output current with a dropout voltage of typi- 
cally 0.5V and a maximum of IV over the entire temperature 
range. Futhermore, a quiescent current reduction circuit has 
been included which reduces the ground current when the 
differential between the input voltage and the output voltage 
exceeds approximately 3V. The quiescent current with 1 A of 
output current and an input-output differential of 5V is there- 
fore only 30 mA. Higher quiescent currents only exist when 
the regulator is in the dropout mode (V m - V out ^ 3V). 
Designed also for vehicular applications, the LM2940 and 
all regulated circuitry are protected from reverse battery in- 
stallations or 2 battery jumps. During line transients, such as 
load dump (60V) when the input voltage can momentarily 
exceed the specified maximum operating voltage, the regu- 
lator will automatically shut down to protect both the internal 
circuits and the load. The LM2940 cannot be harmed by 
temporary mirror-image insertion. Familiar regulator features 
such as short circuit and thermal overload protection are 
also provided. 


Features 

n Dropout voltage typically 0.5V @l 0 = 1A 
D Output current in excess of 1A 
m Output trimmed before assembly 
D Reverse battery protection 
Q Internal short circuit current limit 
h Mirror image insertion protection 
■ 100% electrical burn-in in thermal limit 

Output Voltages 

LM2940T-5.0 5V 

LM2940T-8.0 8V 

LM2940T-10 10V 


Equivalent Schematic Diagram 



See NS Package Number T03B 


1 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Input Voltage 

Survival Voltage (^100 ms) 60V 

Operational Voltage 26V 

Internal Power Dissipation (Note 1 ) Internally Limited 


Operating Temperature Range 0a) 
Maximum Junction Temperature 
Storage Temperature Range 
Lead Temperature 
(Soldering, 10 seconds) 


— 40°C to + 1 25°C 
150°C 

— 65°Cto +150°C 
230°C 


ESD susceptibility rating is to be determined 


Electrical Characteristics V in = V 0 + 5V, l 0 = I A, C out = 22 juF, Tj = 25°C unless otherwise specified. 


Output Voltage (V Q ) 

> 

in 

8V 

10V 


Parameter 

Conditions 

Typ 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 


Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 


Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 



6.25V <; V| N £ 26V 

9.4V ^ V| N <: 26V 

11.5V <; v IN <; 26V 


Output Voltage 

5 mA ^ l 0 ^ 1A 

5.00 


( | 

8.00 

7.76 

8.24 

7.60 

8.40 

10.00 

9.70 

10.30 

9.50 

10.50 

Vmin 

Vmax 

Line Regulation 

V 0 + 2V <; V in ^ 26V, 
l 0 = 5 mA 



■ 



■ 


100 


mVMAX 

Load Regulation 

50 mA ^ l 0 ^ 1A 






130 

65 

100 

165 

mVwAX 


■ 




HI 



65 



mft 

Quiescent 

Current 

V 0 +2V <: V in < 26V, l 0 = 5 mA 

10 

15 

20 

10 

15 

20 

10 

15 

20 

mA MAX 

V in = V 0 + 5V, l 0 = 1 A 

30 

45 

60 

30 

45 

60 

30 

45 

60 

mA M AX 

Output Noise 
Voltage 

10 Hz - 100 kHz 
l 0 = 5 mA 

150 



240 



300 



M-VrmS 

Ripple Rejection 

f 0 = 120 Hz, 1 Vrms; 
ll = 100 mA 

72 

60 

54 

66 

54 

48 

63 

51 

45 

dBMIN 

Long Term 

Stability 


20 



32 



36 



mV/ 

1000 Hr 

Dropout Voltage 

l 0 = 1A 

0.5 

0.8 

1.0 

0.5 

0.8 

1.0 

0.5 

0.8 

1.0 

Vmax 

l 0 = 100 mA 

110 

150 

200 

110 

150 

200 

110 

150 

200 

tiVmax 

Short Circuit 
Current 


1.9 

1.6 


1.9 

1.6 


1.9 

1.6 


Amin 

Maximum Line 

Transient 

R 0 = 100 Cl 

T ^ 100 ms 

V 0 ^ 6V 

V 0 < 9V 

V 0 < iiv 

Vmin 

75 

60 

60 

75 

60 

60 

75 

60 

60 

Maximum 
Operational Input 
Voltage 


31 

26 

26 

31 

26 

26 

31 

26 

26 

Vdc 

Reverse Polarity 
Input Voltage DC 

Ro — i oo n 

-30 

-15 

-15 

-30 

-15 

-15 

-30 

-15 

-15 

Vmin 

Reverse Polarity 
Input Voltage 
Transient 

T£ 100 ms, R 0 = 100 n 

-75 

-50 

-50 

-75 

-50 

-50 

-75 

-50 

-50 

Vmin 


Note 1: Thermal resistance without a heatsink for junction-to-case temperature is 3°C/W. Thermal resistance case-to-ambient is 50°C/W. 

Note 2: Tested Limits are guaranteed and 100% production tested. 

Note 3: Design Limits are guaranteed (but not 100% production tested) over the operating temperature and supply voltage range. These limits are not used to 
calculate outgoing quality levels. 
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INPUT VOLTAGE OUTPUT VOLTAGE 

OUTPUT IMPEDANCE (fl) CHANGE (V) DEVIATION (mV) QUIESCENT CURRENT (mA) INPUT-OUTPUT DIFFERENTIAL (V) 


Typical Performance Characteristics 
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Output Voltage 
vs Temperature 



Quiescent Current 



-40 0 40 80 120 160 



0 5 10 15 20 25 30 35 



0 0.2 0.4 0.6 0.8 1.0 


TEMPERATURE (°C) 


INPUT VOLTAGE (V) 


LOAD CURRENT (A) 


Line Transient Response 


\ 

— 

— 

— 

— 

— 

LI 




~T" 




— 



— 

— 


— 

— 

— 

— 

— 


~ " 






-10 0 10 20 30 40 50 60 


Load Transient Response 



Ripple Rejection 

95 i v... - mv mu mi l l ilium 


V| N = 10V I 
C 0UT = 22 ^ 





'o = 
V 0 = 

10 mA 

i!LlL 


L 




1 

1 





V 



















I 







1 10 100 Ik 10k 100k 1 M 


TIME (/is) 


TIME (/is) 


FREQUENCY (Hz) 


Output impedance 



Maximum Power 
Dissipation (TO-220) 



0 10 20 30 40 50 60 70 80 90 100 


FREQUENCY (Hz) 


AMBIENT TEMPERATURE (°C) 


Peak Output Current 



-40 0 40 80 120 160 

TEMPERATURE (°C) 

TL/H/8822-4 




LM2940 


Typical Performance Characteristics (Continued) 
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Low Voltage Behavior 
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TL/H/8822-5 


Typical Application 


UNREGULATED 

INPUT 


ULATED f — 1 LM2940 I ♦ 

INPUT I — J 

C1*_L -iL 

.47 //F — l— Iq —i— 


T T T 


Mm 

REGULATED 

OUTPUT 

C 0UT** 

22 /jf 


TL/H/8822-3 


’Required if regulator is located far from power supply filter. 

'*Cout must be at least 22 ju,F to maintain stability. May be increased with- 
out bound to maintain regulation during transients. Locate as close as pos- 
sible to the regulator. This capacitor must be rated over the same operating 
temperature range as the regulator and should have an ESR less than 1 ft 
to maintain stability. 


Connection Diagram 


(TO-220) Plastic Package 


OUTPUT 
GND 
INPUT 

TL/H/8822-2 

Front View 

Order Number LM2940T-5.0, LM2940T-8.0, LM2940T-10 
See NS Package Number T03B 


O 
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Definition of Terms 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further reduc- 
tion in input voltage. Measured when the output voltage has 
dropped 100 mV from the nominal value obtained at (Vq + 
5V) input, dropout voltage is dependent upon load current 
and junction temperature. 

Input Voltage: The DC voltage applied to the input termi- 
nals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output volt- 
age for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 


Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

Long Term Stability: Output voltage stability under accel- 
erated life-test conditions after 1000 hours with maximum 
rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage. 
Temperature Stability of Vq: The percentange change in 
output voltage for a thermal variation from room tempera- 
ture to either temperature extreme. 
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PRELIMINARY 


LM2984C Microprocessor Power Supply System 


General Description 

The LM2984C positive voltage regulator features three in- 
dependent and tracking outputs capable of delivering the 
power for logic circuits, peripheral sensors and standby 
memory in a typical microprocessor system. The LM2984C 
includes circuitry which monitors both its own high-current 
output and also an external jaP. If any error conditions are 
sensed in either, a reset error flag is set and maintained until 
the malfunction terminates. Since these functions are in- 
cluded in the same package with the three regulators, a 
great saving in board space can be realized in the typical 
microprocessor system. The LM2984C also features very 
low dropout voltages on each of its three regulator outputs 
(0.6V at the rated output current). Furthermore, the quies- 
cent current can be reduced to 1 mA in the standby mode. 
Designed also for vehicular applications, the LM2984C and 
all regulated circuitry are protected from reverse battery in- 
stallations or 2-battery jumps. Familiar regulator features 
such as short circuit and thermal overload protection are 


also provided. Fixed outputs of 5V are available in the plas- 
tic TO-220 power package. 

Features 

■ Three low dropout tracking regulators 

■ Output current in excess of 500 mA 

■ Low quiescent current standby regulator 

■ Microprocessor malfunction RESET flag 

■ Delayed RESET on power-up 

■ Accurate pretrimmed 5V outputs 

■ Reverse battery protection 

■ Overvoltage protection 

■ Reverse transient protection 

■ Short circuit protection 

■ Internal thermal overload protection 

■ ON/OFF switch for high current outputs 

■ 100% electrical burn-in in thermal limit 


Typical Application Circuit 


5V 


LM2984C 
V|N 



Order Number LM2984CT 
See NS Package Number TA1 1 A 


possible to the regulator. This capac- jl/H/ 8821 - 
itor must be rated over the same op- 
erating temperature range as the 
regulator. The equivalent series re- 
sistance (ESR) of this capacitor 
should be less than in over the ex- 
pected operating temperature range. 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Input Voltage 

Survival Voltage (<100 ms) 35V 

Operational Voltage 26V 

Internal Power Dissipation Internally Limited 

Operating Temperature Range (Ta) 0°C to + 125°C 

Maximum Junction Temperature (Note 1) 150°C 

Storage T emperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10 sec.) 230°C 

ESD rating is to be determined. 

Electrical Characteristics 

V|n = 14V, Iqut = 5 mA, Cqut = 10 juF, Tj = 25°C (Note 6) unless otherwise indicated 



Parameter 

Conditions 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Units 

VouT(Pinll) 

Output Voltage 

5 mA < l 0 < 500 mA 

6V < V| N <; 26V 

5.00 

4.85 

5.15 

4.75 

5.25 

Vmin 

Vmax 

Line Regulation 

9V< V| N < 16V 

2 

25 


m Vmax 


7V < V| N < 26V 

5 

50 


m Vmax 

Load Regulation 

5 mA < loUT ^ 500 mA 

12 

50 


m Vmax 

Output Impedance 

250 mAd C and 1 0 mA rms , 
f 0 = 120 Hz 

24 



mil 

Quiescent Current 

Iout = 500 mA 

38 

100 


m Amax 


Iout = 250 mA 

14 

50 


m Amax 

Output Noise Voltage 

10 Hz- 100 kHz, Iqut = loo mA 

100 



|uV 

Long Term Stability 


20 



mV/1000 hr 

Ripple Rejection 

f 0 = 120 Hz 

70 

60 


dBrniri 

Dropout Voltage 

Iqut = 500 mA 

0.53 

0.80 

1.00 

Vmax 


Iout = 250 mA 

0.28 

0.50 

0.60 

Vmax 

Current Limit 


0.92 

0.75 


Amin 

Maximum Operational 

Input Voltage 

Continuous DC 

32 

26 

26 

Vmin 

Maximum Line Transient 

Vqut ^ 6V, Rout = iooft 

45 

35 

35 

Vmin 

Reverse Polarity 

Input Voltage DC 

Vqut ^ — o.6V, Rout = loon 

-30 

-15 

-15 

Vmin 

Reverse Polarity Input 
Voltage Transient 

T <. 100 ms, Rqut == loon 

-55 

-35 

-35 

Vmin 
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Electrical Characteristics (continued) 

Vin = 14V, lb U f = 5 mA, Ct> U f = 1 0 julF, Tj = 25°C (Note 6) unless otherwise indicated 

Parameter 

Conditions 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Units 

Vbuffer (Pin 10) 

Output Voltage 

5 mA ^ l 0 ^ 100 mA 

6V ^ V| N £ 26V 

5.00 

4.85 

5.15 

4.75 

5.25 

Vmin 

Vmax 

Line Regulation 

9V <; V| N ^ 16V 

2 

25 


mVmax 

7V ^ V| N ^ 26V 

5 

50 


mVmax 

Load Regulation 

5 mA ^ Ibuf ^ 1 00 mA 

15 

50 


mVmax 

Output Impedance 

50 mAdc and 1 0 m Apppis, 

200 



mft 

Quiescent Current 

Ibuf — 1 00 mA 

8.0 

15.0 


mAmax 

Output Noise Voltage 

10 Hz- 100 kHz, Iqut = 100 mA 

100 



M’V 

Long Term Stability 


20 



mV/1000 hr 

Ripple Rejection 

f 0 = 120 Hz 

70 

60 


dB m j n 

Dropout Voltage 

Ibuf = 1 00 mA 

0.35 

0.50 

0.60 

Vmax 

Current Limit 


0.23 

0.15 


Amin 

Maximum Operational 
Input Voltage 

Continuous DC 

32 

26 

26 

Vmin 

Maximum Line 

Transient 

Vbuf ^ 6V, Rbuf = 100ft 

45 

35 

35 

Vmin 

Reverse Polarity 

Input Voltage DC 

Vbuf ^ —0.6V, Rbuf = 100ft 

-30 

-15 

-15 

Vmin 

Reverse Polarity Input 
Voltage Transient 

T ^ 100 ms, Rbuf = 100ft 

-55 

-35 

-35 

Vmin 

Electrical Characteristics 

Vin = 14V, l s tby = 1 mA, C s tby = 10 jmF, Tj = 25°C (Note 6) unless otherwise indicated 

Parameter 

Conditions 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Units 

^standby (P' n 9) 

Output Voltage 

1 mA <. \ 0 <> 7.5 mA 

6V <; V| N ^ 26V 

5.00 

4.85 

5.15 

4.75 

5.25 

Vmin 

Vmax 

Line Regulation 

9V <; V| N £ 16V 

2 

25 


mVrnax 

7V £ V| N £ 26V 

5 

50 


mV max 

Load Regulation 

0.5 mA ^ l st by ^ 7.5 mA 

6 

50 


m^max 

Output Impedance 

5 mAdc cind 1 mAj-ppsi tQ — 1 20 Hz 

0.9 



ft 

Quiescent Current 

lstby = 7.5 mA 

1.2 

2.0 


mAmax 

lstby = 2 mA 

0.9 

1.5 


mA max 
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Electrical Characteristics (continued) 

V|n = 14V, l s tby — 1 mA, C s tb y = 10 fiF, Tj = 25°C (Note 6) unless otherwise indicated 

Parameter 

Conditions 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Units 

^standby (Continued) 

Output Noise Voltage 

10 Hz- 100 kHz, l stby = 1 mA 

100 



nV 

Long Term Stability 


20 



mV/1000 hr 

Ripple Rejection 

f 0 = 120 Hz 

70 

60 


dBmin 

Dropout Voltage 

lstby = 1 mA 

0.26 

0.50 

0.50 

Vmax 

Dropout Voltage 

lstby = 7.5 mA 

0.38 

0.60 

0.70 

Vmax 

Current Limit 


15 

12 


mA m j n 

Maximum Operational 
Input Voltage 

4.5V ^ V st by ^ 6V 

Rstby == 1000ft 

45 

35 

35 

Vmin 

Maximum Line 

Transient 

Vstby ^ 6V, 

R s tby =: 1000ft 

45 

35 

35 

Vpnin 

Reverse Polarity 

Input Voltage DC 

V^y ^ -0.6V, 

Rstby == 1000ft 

-30 

-15 

-15 

Vmin 

Reverse Polarity Input 
Voltage Transient 

T ^ 100 ms, R s tby = 1000ft 

-55 

-35 

-35 

Vmin 

Electrical Characteristics 

V|n = 14V, Tj = 25°C (Note 6) Cqut = 10 juF, Cb U f = 10 jllF, C st b y = 10 ju,F unless otherwise specified 

Parameter 

Conditions 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Units 

Tracking and Isolation 

Tracking 

v OUT“ v stby 

Iout ^ 500 mA, Ibuf == 5 mA, 
lstby ^ 7.5 mA 

±30 

±100 


mV max 

Tracking 

Vbuf “Vstby 

Iout == 5 mA, Ibuf ^ 1 00 mA, 
lstby ^ 7.5 mA 

±30 

±100 


mV max 

Tracking 

VouT-Vbuf 

Iout ^ 500 mA, Ibuf ^ 1 00 mA, 
lstby = 1 mA 

±30 

±100 


mV max 

Isolation’ 1 ' 

Vb U f from Vout 

Rout “in, Ibuf ^ 100 mA 

5.00 

4.50 

5.50 


Vmin 

Vmax 

Isolation* 

Vstby from v OUT 

Rout = 1 ^. lstby ^ 7. 5 mA 

5.00 

4.50 

5.50 


Vmin 

Vpnax 

Isolation* 

Vout from v buf 

Rbuf = in, Iout ^ 500 mA 

5.00 

4.50 

5.50 


Vmin 

Vpnax 

Isolation* 

V s tby from Vbuf 

Rbuf = 1 lstby ^ 7.5 mA 

5.00 

4.50 

5.50 


Vmin 

Vmax 

’Isolation refers to the ability of the specified output to remain within the tested limits when the other output is shorted to ground. 
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Electrical Characteristics (continued) 

V|n = 14V, Iqut = 5 mA, Ibuf = 5 mA, Istby = 5 mA, Rf = 130k, C* = 0.33 juF, C mon = 0.47 ju,F, Tj = 25°C (Note 6) unless 
otherwise specified 

Parameter 

Conditions 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Units 

Computer Monitor/Reset Functions 

1 reset Low 

Vin = 4V, V rst = 0.4V 

5 

2 

1 

m Amin 

Vreset L° w 

< 

z 

II 

< 

GO 

II 

3 

> 

0.10 

0.40 


Vmax 

Ht voltage 

(Pin 2) 

1.22 

1.15 


Vmin 

1.22 

1.30 


Vmax 

Power On Reset 

Delay 

VfAPmon = 5 V 
(T d |y= 1.2 R t Ct) 

50 

45 


ms min 

50 

55 


ms max 

Vqut Low 

Reset Threshold 

(Note 4) 

4.00 

3.60 


Vmin 

4.00 

4.40 


Vmax 

Vout High 

Reset Threshold 

(Note 4) 

5.50 

5.25 


Vmin 

5.50 

6.00 


Vmax 

Reset Output 

Leakage 

V^Pmon = 5V,V rst = 12V 

0.01 

1 


^A max 

M'P mon Input 

Current (Pin 4) 

Vm-P mon = 2.4V 

7.5 

25 


M-Amax 

VfxP mon = 0.4 V 

0.01 

10 


^Amax 

F-Pmon Input 

Threshold Voltage 


1.22 

0.80 

0.80 

Vmin 

1.22 

2.00 

2.00 

Vmax 

jliP Monitor Reset 
Oscillator Period 

Vernon = 0V 
(^window = 0-82 RtCrnon) 

50 

45 


ms min 

50 

55 


mSmax 

julP Monitor Reset 
Oscillator Pulse Width 

Vf*P mon = 0V 
(RESETp W = 2000 C mon ) 

1.0 

0.7 

0.5 

ms min 

1.0 

1.3 

2.0 

ms max 

Minimum julP Monitor 
Input Pulse Width 

(Note 5) 

2 



M'Smax 

Reset Fall Time 

R rst = 10k, V rst = 5V,C rst <; lOpF 

0.20 

1.00 


^Smax 

Reset Rise Time 

Rrst = 10k, V rs t = 5V, C rs t <M0 pF 

0.60 

1.00 



On/Off Switch Input 
Current (Pin 8) 

Von = 2.4V 

7.5 

25 


/J'Amax 

Von = 0.4V 

0.01 

10 


^Amax 

On/Off Switch Input 
Threshold Voltage 


1.22 

0.80 

0.80 

Vmin 

1.22 

2.00 

2.00 

Vmax 

Note 1: Thermal resistance without a heatsink for junction-to-case temperature is 3°C/W. Thermal resistance case-to-ambient is 40°C/W. 

Note 2: Tested Limits are guaranteed and 100% production tested. 

Note 3: Design Limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage range. These limits are not used to 
calculate outgoing quality levels. 

Note 4: An internal comparator detects when the main regulator output (Vqut) drops below 4.0V or rises above 5.5V. If either condition exists at the output, the 
Reset Error Flag is held low until the error condition has terminated. The Reset Error Flag is then allowed to go high again after a delay set by Rt and C t . (See 
Applications Section.) 

Note 5: This parameter is a measure of how short a pulse can be detected at the ju,P Monitor Input. This parameter is primarily influenced by the value of C mon . 

(See Typical Performance Characteristics and Applications Section.) 

Note 6: To ensure constant junction temperature, low duty cycle pulse testing is used. 
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Block Diagram 


ON/OFF SWITCH < 



PEAK DETECTOR 

}x? MONITOR 


COMPUTER RESET 
TIMER/OSCILLATOR 


^=o 


-> RESET 


1 


TL/H/8821-2 


Pin Description 


Pin No. 

Pin Name 

Comments 

1 

V|N 

Positive supply input voltage 

2 

Rt 

Sets internal timing currents 

3 

c t 

Sets power-up reset delay timing 

4 

M-P mon 

Microcomputer monitor input 

5 

Cmon 

Sets juC monitor timing 

6 

Ground 

Regulator ground 

7 

Reset 

Reset error flag output 

8 

ON/OFF 

Enables/disables high current regulators 

9 

^standby 

Standby regulator output (7.5 mA) 

10 

^buffer 

Buffer regulator output (100 mA) 

11 

VoUT 

Main regulator output (500 mA) 


External Components 


Component 

Typical Value 

Component Range 

Comments 

C|N 

1 JLtF 

0.47 ju.F— 1 0 jllF 

Required if device is located far from power supply filter. 

Rt 

130k 

24k-1.2M 

Sets internal timing currents. 

c t 

0.33 julF 

0.033 jttF— 3.3 julF 

Sets power-up reset delay. 

Ctc 

0.01 jllF 

0.001 jLtF-0.1 jllF 

Establishes time constant of AC coupled computer monitor. 

R tc 

10k 

Ik-1 00k 

Establishes time constant of AC coupled computer monitor. (See 
applications section.) 

Cmon 

0.47 julF 

0.047 jutF— 4.7 jttF 

Sets time window for computer monitor. Also determines period and pulse 
width of computer malfunction reset. (See applications section.) 

Rrst 

10k 

5k-100k 

Load for open collector reset output. Determined by computer reset input 
requirements. 

Cstby 

10 jllF 

10 jutF-no bound 

A 1 0 jllF is required for stability but larger values can be used to maintain 
regulation during transient conditions. 

Cbuf 

10 jliF 

10 jLtF-no bound 

A 1 0 /xF is required for stability but larger values can be used to maintain 
regulation during transient conditions. 

CoUT 

10 jllF 

10 jaF-no bound 

A 1 0 jllF is required for stability but larger values can be used to maintain 
regulation during transient conditions. 
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Typical Circuit Waveforms 

35 V r-M 


INPUT 

VOLTAGE 

14V 

PIN 1 

OV 

ON/OFF 

5V 

SWITCH 


PIN 8 

OV 

OUTPUT 

VOLTAGE 

5V 

PIN 11 

OV 

STANDBY 

5V* 

OUTPUT 


PIN 9 

OV 

TIMING 

2V 

CAPACITOR 


PIN 3 

OV' 

RESET 

VOLTAGE 

5 V 

PIN 7 

OV- 

p? MONITOR 

5V 

VOLTAGE 


PIN 4 

OV 



M 


L / 


/ 



1 RECURRING RESET 



MALFUNCTION 


Connection Diagram 


TO-220 11 -LEAD 



1 1 MAIN OUTPUT 

10 BUFFER OUTPUT 

9 STANDBY OUTPUT 

8 ON/OFF SWITCH 

7 RESET ERROR FLAG 

6 GROUND 

5 ix? MONITOR CAPACITOR 

4 ix? MONITOR INPUT 

3 TIMING CAPACITOR 

2 TIMING RESISTOR 

1 INPUT VOLTAGE 


Order Number LM2984CT 
See NS Package Number Til A 
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RIPPLE REJECTION (dB) OUTPUT IMPEDANCE (fl) LOAD CURRENT OUTPUT VOLTAGE INPUT VOLTAGE OUTPUT VOLTAGE 

(mA) DEVIATION (mV) CHANGE (V) DEVIATION (mV) 


Typical Performance Characteristics (Continued) 


Line Transient 
Response (Vqut) 


Line Transient 
Response (Vj, U f) 
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Typical Performance Characteristics (Continued) 


Output Voltage 



JUNCTION TEMPERATURE (°C) 

TL/H/8821-8 

Application Hints 

OUTPUT CAPACITORS 

The LM2984C output capacitors are required for stability. 
Without them, the regulator outputs will oscillate, sometimes 
by many volts. Though the 10 /xF shown are the minimum 
recommended values, actual size and type may vary de- 
pending upon the application load and temperature range. 
Capacitor effective series resistance (ESR) also affects the 
1C stability. Since ESR varies from one brand to the next, 
some bench work may be required to determine the mini- 
mum capacitor value to use in production. Worst case is 
usually determined at the minimum ambient temperature 
and the maximum load expected. 

Output capacitors can be increased in size to any desired 
value above the minimum. One possible purpose of this 
would be to maintain the output voltages during brief condi- 
tions of negative input transients that might be characteris- 
tic of a particular system. 

Capacitors must also be rated at all ambient temperatures 
expected in the system. Many aluminum type electrolytics 
will freeze at temperatures less than -30°C, reducing their 
effective capacitance to zero. To maintain regulator stability 
down to -40°C, capacitors rated at that temperature (such 
as tantalums) must be used. 

Each output must be terminated by a capacitor, even if it is 
not used. 

STANDBY OUTPUT 

The standby output is intended for use in systems requiring 
standby memory circuits. While the high current regulator 
outputs are controlled with the ON/OFF pin described later, 
the standby output remains on under all conditions as long 
as sufficient input voltage is supplied to the 1C. Thus, memo- 
ry and other circuits powered by this output remain unaffect- 
ed by positive line transients, thermal shutdown, etc. 

The standby regulator circuit is designed so that the quies- 
cent current to the 1C is very low (<1.5 mA) when the other 
regulator outputs are off. 

The capacitor on the output of this regulator can be in- 
creased without bound. This will help maintain the output 
voltage during negative input transients and will also help to 
reduce the noise on all three outputs. Because the other 
two track the standby output: therefore any noise reduction 
here will also reduce the other two noise voltages. 


Device Dissipation vs 



0 10 20 30 40 50 60 70 80 90 100 


AMBIENT TEMPERATURE (°C) 

TL/H/8821-9 


BUFFER OUTPUT 

The buffer output is designed to drive peripheral sensor cir- 
cuitry in a juP system. It will track the standby and main 
regulator within a few millivolts in normal operation. There- 
fore, a peripheral sensor can be powered off this supply and 
have the same operating voltage as the /xP system. This is 
important if a ratiometric sensor system is being used. 

The buffer output can be short circuited while the other two 
outputs are in normal operation. This protects the jlxP sys- 
tem from disruption of power when a sensor wire, etc. is 
temporarily shorted to ground, i.e. only the sensor signal 
would be interrupted, while the /xP and memory circuits 
would remain operational. 

The buffer output is similar to the main output in that it is 
controlled by the ON/OFF switch in order to save power in 
the standby mode. It is also fault protected against overvolt- 
age and thermal overload. If the input voltage rises above 
approximately 30V (e.g. load dump), this output will auto- 
matically shut down. This protects the internal circuitry and 
enables the 1C to survive higher voltage transients than 
would otherwise be expected. Thermal shutdown is neces- 
sary since this output is one of the dominant sources of 
power dissipation in the 1C. 

MAIN OUTPUT 

The main output is designed to power relatively large loads, 
i.e. approximately 500 mA. It is therefore also protected 
against overvoltage and thermal overload. 

This output will track the other two within a few millivolts in 
normal operation. It can therefore be used as a reference 
voltage for any signal derived from circuitry powered off the 
standby or buffer outputs. This is important in a ratiometric 
sensor system or any system requiring accurate matching of 
power supply voltages. 

ON/OFF SWITCH 

The ON/OFF switch controls the main output and the buffer 
output. The threshold voltage is compatible with most logic 
families and has about 20 mV of hysteresis to insure ‘clean’ 
switching from the standby mode to the active mode and 
vice versa. This pin can be tied to the input voltage through 
a 10 kfl resistor if the regulator is to be powered continu- 
ously. 
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Application Hints (Continued) 

POWER DOWN OVERRIDE 

Another possible approach is to use a diode in series with 
the ON/OFF signal and another in series with the main out- 
put in order to maintain power for some period of time after 
the ON/OFF signal has been removed (see Figure 1). When 
the ON/OFF switch is initially pulled high through diode D1, 
the main output will turn on and supply power through diode 
D2 to the ON/OFF switch effectively latching the main out- 
put. An open collector transistor Q1 is connected to the 
ON/OFF pin along with the two diodes and forces the regu- 
lators off after a period of time determined by the jjP. In this 
way, the jllP can override a power down command and store 
data, do housekeeping, etc. before reverting back to the 
standby mode. 



RESET OUTPUT 

This output is an open collector NPN transistor which is 
forced low whenever an error condition is present at the 
main output or when a julP error is sensed (see /xP Monitor 
section). If the main output voltage drops below 4V or rises 
above 5.5V, the RESET output is forced low and held low 
for a period of time set by two external components, Rt and 
Ct- There is a slight amount of hysteresis in these two 
threshold voltages so that the RESET output has a fast rise 
and fall time compatible with the requirements of most juP 
RESET inputs. 

DELAYED RESET 

Resistor R t and capacitor C t set the period of time that the 
RESET output is held low after a main output error condition 
has been sensed. The delay is given by the formula: 

Tdiy = 1.2 R t Ct (seconds) 

The delayed RESET will be initiated any time the main out- 
put is outside the 4V to 5.5V window, i.e. during power-up, 
short circuit, overvoltage, low line, thermal shutdown or 
power-down. The jaP is therefore RESET whenever the out- 
put voltage is out of regulation. (It is important to note that a 
RESET is only initiated when the main output is in error. The 
buffer and standby outputs are not directly monitored for 
error conditions.) 


jllP MONITOR RESET 

There are two distinct and independent error monitoring 
systems in the LM2984C. The one described above moni- 
tors the main regulator output and initiates a delayed RE- 
SET whenever this output is in error. The other error moni- 
toring system is the juP watchdog. These two systems are 
OR’d together internally and both force the RESET output 
low when either type of error occurs. 

This watchdog circuitry continuously monitors a pin on the 
jllP that generates a positive going pulse during normal op- 
eration. The period of this pulse is typically on the order of 
milliseconds and the pulse width is typically on the order of 
10’s of microseconds. If this pulse ever disappears, the 
watchdog circuitry will time out and a RESET low will be 
sent to the juP. The time out period is determined by two 
external components, Rt and C mon , according to the formu- 
la: 

^window = 0.82 Rt^mon (seconds) 

The width of the RESET pulse is set by C mon and an inter- 
nal resistor according to the following: 

RESET pw = 2000 C mon (seconds) 

A square wave signal can also be monitored for errors by 
filtering the C mon input such that only the positive edges of 
the signal are detected. Figure 2 is a schematic diagram of a 
typical circuit used to differentiate the input signal. Resistor 
R tc and capacitor Ct c pass only the rising edge of the 
square wave and create a short positive pulse suitable for 
the pP monitor input. If the incoming signal continues in a 
high state or in a low state for too long a period of time, a 
RESET low will be generated. 



FIGURE 2. Monitoring Square Wave jxP Signals 

The threshold voltage and input characteristics of this pin 
are compatible with nearly all logic families. 

There is a limit on the width of a pulse that can be reliably 
detected by the watchdog circuit. This is due to the output 
resistance of the transistor which discharges C mon when a 
high state is detected at the input. The minimum detectable 
pulse width can be determined by the following formula: 
PW min = 20 C mon (seconds) 
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Equivalent Schematic Diagram 
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LM78XX Series Voltage Regulators 


General Description 

The LM78XX series of three terminal regulators is available 
with several fixed output voltages making them useful in a 
wide range of applications. One of these is local on card 
regulation, eliminating the distribution problems associated 
with single point regulation. The voltages available allow 
these regulators to be used in logic systems, instrumenta- 
tion, HiFi, and other solid state electronic equipment. Al- 
though designed primarily as fixed voltage regulators these 
devices can be used with external components to obtain 
adjustable voltages and currents. 

The LM78XX series is available in an aluminum TO-3 pack- 
age which will allow over 1 .OA load current if adequate heat 
sinking is provided. Current limiting is included to limit the 
peak output current to a safe value. Safe area protection for 
the output transistor is provided to limit internal power dissi- 
pation. If internal power dissipation becomes too high for 
the heat sinking provided, the thermal shutdown circuit 
takes over preventing the 1C from overheating. 
Considerable effort was expanded to make the LM78XX se- 
ries of regulators easy to use and mininize the number 


of external components. It is not necessary to bypass the 
output, although this does improve transient response. Input 
bypassing is needed only if the regulator is located far from 
the filter capacitor of the power supply. 

For output voltage other than 5V, 12V and 15V the LM117 
series provides an output voltage range from 1 .2V to 57V. 

Features 

■ Output current in excess of 1A 

■ Internal thermal overload protection 

■ No external components required 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in the aluminum TO-3 package 

Voltage Range 

LM7805C 5V 

LM7812C 12V 

LM7815C 15V 


Schematic and Connection Diagrams 



Metal Can Package 
TO-3 (K) 
Aluminum 



TL/H/7746-2 


Order Number LM7805CK, 
LM7812CK or LM7815CK 
See NS Package Number KC02A 

Plastic Package 
TO-220 (T) 



TL/H/7746-1 


TL/H/7746-3 

Top View 

Order Number LM7805CT, 

LM7812CT or LM7815CT 
See NS Package Number T03B 
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LM78XX 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Input Voltage (V 0 = 5V, 1 2 V and 1 5V) 35V 

Internal Power Dissipation (Note 1) Internally Limited 

Operating Temperature Range 0 a) 0°C to + 70°C 


Maximum Junction Temperature 
(K Package) 150°C 

(T Package) 1 50°C 

Storage Temperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10 sec.) 

TO-3 Package K 300°C 

TO-220 Package T 230°C 


Electrical Characteristics LM78XXC (Note 2) 0°C ^ Tj ^ 125°C unless otherwise noted. 


Output Voltage 

5V 

12V 

15V 


Input Voltage (unless otherwise noted) 

10V 

19V 

23V 

Units 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Min 

TyP 

Max 

Min 

Typ 

Max 


Vo 

Output Voltage 

Tj = 25°C, 5 mA <; l 0 £ 1A 

4.8 

5 

5.2 

11.5 

12 

12.5 

14.4 

15 

15.6 

V 



P D ^ 1 5W, 5 mA <; l 0 ^ 1A 

4.75 


5.25 

11.4 


12.6 

14.25 


15.75 

V 



Vmin ^ V| N ^ V MA x 

(7.5 £ V| N ^ 20) | 

(14.5 <; V| N <; 27) I 

(17.5 ^ V| N <; 30) | 

V 

AV 0 

Line Regulation 

lo — 500 mA 

Tj = 25°C 


3 

50 


4 

120 


4 

150 

mV 




av, n 

(7^V, n ^25) | 

14.5 <; V|n <: 30) 1 

(17.5 <: V| N ^ 30) | 

V 




0°C^Tj^ + 1 25°C 



50 



120 



150 

mV 




AVin 

(8^V, n ^20) 1 

(15^V, n ^27) | 

(18.5 ^ V| N <; 30) | 

V 



lo^ 1 A 

Tj = 25°C 



50 



120 1 



150 1 

mV 




AV| N 

(7.5 ^ V| N ^ 20) | 

(14.6 <: V|n ^ 27) | 

(17.7^V, n ^30) 1 

V 




0°C ^ Tj ^ + 1 25°C 



25 



60 



75 

mV 




AVin 

[ (8<;V| N <M2) 1 

(16^V| N ^22) | 

(20 <; V| N <; 26) | 

V 

AV 0 

Load Regulation 

Tj = 25°C 

5 mA ^ lo ^ 1.5A 


10 

50 


12 

120 


12 

150 

mV 




250 mA ^ Iq ^ 750 mA 



25 



60 



75 

mV 



5 mA ^ l 0 ^ 1 A, 0°C ^ Tj ^ + 125°C 

50 

120 

150 

mV 

Iq 

Quiescent Current 

lo^ 1A 

Tj = 25°C 



8 



8 



8 

mA 




0°C <; Tj £ + 1 25°C 



8.5 



8.5 



8.5 

mA 

AIq 

Quiescent Current 

5 mA ^ l 0 ^ 1A 

0.5 

0.5 

0.5 

mA 


Change 

Tj = 25°C, l 0 ^ 1 A 



1.0 



1.0 



1.0 

mA 



Vmin ^ v iN ^ v MAX 

(7.5 <: V|n ^ 20) 

(14.8 £ V| N <; 27) 

(17.9 ^ V|n ^ 30) 

V 



1 0 ^ 500 mA, 0°C ^ Tj ^ +125°C 



1.0 



1.0 



1.0 

mA 



Vmin ^ v iN ^ v MAX 

(7 <: V| N £ 25) 

(14.5 <: V| N ^ 30) 

(17.5 £ V| N £ 30) 

V 

v N 

Output Noise Voltage 

T a = 25°C, 10 Hz ^ f ^ 100 kHz 

40 

75 

90 

f*V 

AVin 

Ripple Rejection 

r 

l 0 ^ 1 A, Tj = 25°C or 

62 

80 


55 

72 


54 

70 


dB 

AVouT 


f = 120 HzS 

Iq ^ 500 mA 

0°C ^ Tj ^ +125°C 

62 



55 



54 



dB 



Vmin ^ V iN ^ V MAX 

| (8£V| N £18) 

| (15 ^ V| N <: 25) 

| (18.5 ^ V|n ^ 28.5) 

V 

R o 

Dropout Voltage 

Tj = 25°C, Iqut = 1A 


2.0 



2.0 



2.0 


V 


Output Resistance 

f = 1 kHz 



8 



18 



19 


mft 


Short-Circuit Current 

Tj = 25°C 



2.1 



1.5 



1.2 


A 


Peak Output Current 

Tj = 25°C 



2.4 



2.4 



2.4 


A 


Average TC of Vout 

|0°C ^ Tj ^ + 125°C, l 0 = 5 mA 


0.6 



1.5 



1.8 


mV/°C 

V| N 

Input Voltage 



■ 

IH 










Required to Maintain 

Tj = 25°C, l 0 ^ 1 A 

■ 



14.6 



17.7 



V 


Line Regulation 



■ 











Note 1: Thermal resistance of the TO-3 package (K, KC) is typically 4°C/W junction to case and 35°C/W case to ambient. Thermal resistance of the TO-220 
package (T) is typically 4°C/W junction to case and 50°C/W case to ambient. 


Note 2: All characteristics are measured with capacitor across the input of 0.22 juF, and a capacitor across the output of 0.1 juF. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques ^ 10 ms, duty cycle ^ 5%). Output voltage changes due to changes in internal 
temperature must be taken into account separately. 
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Typical Performance Characteristics 


Maximum Average Power 
Dissipation 
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LM78LXX Series 3-Terminal Positive Regulators 


General Description 

The LM78LXX series of three terminal positive regulators is 
available with several fixed output voltages making them 
useful in a wide range of applications. When used as a ze- 
ner diode/resistor combination replacement, the LM78LXX 
usually results in an effective output impedance improve- 
ment of two orders of magnitude, and lower quiescent cur- 
rent. These regulators can provide local on card regulation, 
eliminating the distribution problems associated with single 
point regulation. The voltages available allow the LM78LXX 
to be used in logic systems, instrumentation, HiFi, and other 
solid state electronic equipment. Although designed primari- 
ly as fixed voltage regulators these devices can be used 
with external components to obtain adjustment voltages 
and currents. 

The LM78LXX is available in the metal three lead TO-39(H) 
the plastic TO-92 (Z), and SO-8 plastic. With adequate heat 
sinking the regulator can deliver 100 mA output current. 
Current limiting is included to limit the peak output current to 
a safe value. Safe area protection for the output transistors 
is provided to limit internal power dissipation. If internal pow- 
er dissipation becomes too high for the heat sinking provid- 
ed, the thermal shutdown circuit takes over preventing the 
1C from overheating. 


For output voltage other than 5V, 12V and 15V the LM117L 
series provides an output voltage range from 1 .2V to 37V. 

Features 

■ Output voltage tolerances of ±5% (LM78LXXAC) over 
the temperature range 

■ Output current of 1 00 mA 

■ Internal thermal overload protection 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in plastic TO-92 and metal TO-39 and plastic 
SO-8 low profile packages 


Voltage Range 

LM78L05 

5V 

LM78L12 

12V 

LM78L15 

15V 


Connection Diagrams 


Metal Can Package 


SO-8 Plastic 

(Narrow Body) Plastic Package 



TL/H/7744-1 

Bottom View 


Order Number LM78L05ACH, 
LM78L12ACH or LM78L15ACH 
See NS Package Number H03A 



TL/H/7744-2 

Top View 

Order Number LM78L05ACM, 
LM78L12ACM or LM78L15ACM 
See NS Package Number M08A 



TL/H/7744-3 

Bottom View 

Order Number LM78L05ACZ, 
LM78L12ACZ or LM78L15ACZ 
See NS Package Number Z03A 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Input Voltage 

V 0 = 5V 30V 

V Q = 1 2V to 1 5V 35V 

Internal Power Dissipation (Note 1 ) Internally Limited 


Operating Temperature Range 
Maximum Junction Temperature 
Storage Temperature Range 
Metal Can (H Package) 

Molded TO-92 (Z Package) 

Lead Temperature (Soldering, 10 sec.) 


0°C to +70°C 
125°C 

— 65°C to + 1 50°C 
— 55°C to 4- 1 50°C 
260°C 


LM78LXXAC Electrical Characteristics 

(Note 2) Tj = 0°C to 125°C, Iq = 40 mA, C|n = 0.33 jaF, Cq = 0.1 fxF (unless noted) 


LM78LXXAC Output Voltage 

5V 

12V 

15V 


Input Voltage (unless otherwise noted) 

10V 

19V 

23V 

Units 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 


Vo 

Output Voltage 

Tj = 25°C 

4.8 

5 

5.2 

11.5 

12 

12.5 

14.4 

15 

15.6 

V 


(Note 4) 

1 mA ^ Iq ^ 70 mA 

4.75 


5.25 

11.4 


12.6 

14.25 


15.75 

V 



1 mA ^ Iq ^ 40 mA and 

4.75 


5.25 

11.4 


12.6 

14.25 


15.75 

V 



Vmin ^ V| N £ V MAX 

| (7^V| N ^20) | 

(14.5 <; V| N £ 27) 

i (17.5 <; V| N <: 30) 

V 

AV 0 

Line Regulation 

Tj = 25°C 


10 

54 


20 

110 


25 

140 

mV 




(8 <: V, N ^ 20) 

(16^V, n ^27) 

| (20 ^ V| N <; 30) 

V 





18 

75 


30 

180 


37 

250 

mV 




| (7 <: V 1N <: 20) | 

(14.5^V| N <;27) 

(17.5 <; V| N ^ 30) 

V 

AV 0 

Load Regulation 

Tj = 25°C, 

1 mA ^ Iq ^ 40 mA 


5 

30 


10 

50 


12 

75 

mV 



Tj = 25°C, 

1 mA ^ Iq ^ 100 mA 


20 

60 


30 

100 


35 

150 

mV 

AV 0 

Long Term 

Stability 


12 

24 

30 

mV/ 1000 hrs 

Iq 

Quiescent Current 

Tj = 25°C 


3 

5 


3 

5 


3.1 

5 

mA 



Tj = 125°C 



4.7 



4.7 



4.7 


AIq 

Quiescent Current 

1 mA ^ Iq ^ 40 mA 

0.1 

0.1 

0.1 

mA 


Change 

Vmin ^ V| N ^ v MAX 



1.0 



1.0 



1.0 

mA 




(8 ^ V| N £ 20) 

(16 £ V| N ^27) 

(20 <; V| N ^ 30) 

V 

V n 

Output Noise 
Voltage 

Tj = 25°C, (Note 3) 
f = 10 Hz- 10 kHz 

40 

80 

90 

jaV 

AV| N 

Ripple Rejection 

f = 120 Hz 

47 

62 


40 

54 


37 

51 


dB 

AVqut 



(8 ^ V| N <: 16) 

(15 <: V )N £ 25) 

(18.5 £ V| N ^ 28.5) 

V 


Input Voltage 
Required to 
Maintain Line 
Regulation 

Tj = 25°C 

7 

14.5 

17.5 

V 


Note 1: Thermal resistance of H package is typically 26°C/W Qj C still Air, and 94°C/W 0j a 400 ft/min of air. For the Z package is 60°C/W 0j c , 232°C/\N 0j a still air, 
and 88°C/W 0j a at 400 ft/min of air. The maximum junction temperature shall not exceed 125 # C on Electrical parameters. 

Note 2: The maximum steady state usable output current and input voltage are very dependent on the heat sinking and/or lead length of the package. The data 
above represent pulse test conditions with junction temperatures as indicated at the initiation of test. 

Note 3: Recommended minimum load capacitance of 0.01 jliF to limit high frequency noise bandwidth. 

Note 4: The temperature coefficient of Vqut is typically within ±0.01% Vo/°C. 
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Typical Performance Characteristics 


Maximum Average Power 
Dissipation (Plastic Package) 


Maximum Average Power 
Dissipation (Metal Can 
Package) 
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Typical Applications (Continued) 


Current Regulator 


T 


ci 

0.33/tF 


3 


•out = (V23/R1) + Iq 

>Iq = 1.5 m A over line and load changes 

5V, 500 mA Regulator with Short Circuit Protection 

Q1* 



'*Heat sink Q1. 

1 ‘Optional: Improves ripple rejection and transient response. 

Load Regulation: 0.6% 0 £ II ^ 250 mA pulsed with tQN = 50 ms. 


TL/H/7744-11 


± 15V, 100 mA Dual Power Supply 



TL/H/7744-12 


Variable Output Regulator 0.5V-18V 



’Solid tantalum. TL/H/7744-13 

VoUT = Vq + 5V, R1 = (— V| N /Iq LM 78 L 05 ) 

V 0 UT = 5V (R2/R4) for (R2 + R3) = (R4 + R5) 

A 0.5V output will correspond to (R2/R4) = 0.1 (R3/R4) = 0.9 








National 
Semiconductor 
Corporation 

LM79XX Series 3-Terminal Negative Regulators 

General Description 

The LM79XX series of 3-terminal regulators is available with 
fixed output voltages of — 5V, - 1 2 V, and - 1 5V. These de- 
vices need only one external component— a compensation 
capacitor at the output. The LM79XX series is packaged in 
the 10-220 power package and is capable of supplying 
1 .5A of output current. 

These regulators employ internal current limiting safe area 
protection and thermal shutdown for protection against vir- 
tually all overload conditions. 

Low ground pin current of the LM79XX series allows output 
voltage to be easily boosted above the preset value with a 
resistor divider. The low quiescent current drain of 


these devices with a specified maximum change with line 
and load ensures good regulation in the voltage boosted 
mode. 

For applications requiring other voltages, see LM137 data 
sheet. 

Features 

m Thermal, short circuit and safe area protection 
B9 High ripple rejection 
la 1 .5A output current 
m 4% preset output voltage 



Typical Applications 


± 15V, 1 Amp Tracking Regulators 



Output Ripple, C|n = 3000 fiF, l|_ = 1A 100 /xVrms 100 juA/rms 

Temperature Stability 50 mV 50 mV 

Output Noise 1 0 Hz ^ f £ 10 kHz 1 50 jaVrms 1 50 jxVrms 

•Resistor tolerance of R4 and R5 determine matching of ( + ) and (-) 
outputs. 

••Necessary only if raw supply filter capacitors are more than 3" from regu- 
lators. 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Input Voltage 

(V 0 = 5 V) -35V 

(V 0 = 12V and 15V) -40 V 


Input-Output Differential 

(V 0 = 5 V) 25 V 

(V 0 = 12V and 15V) 30V 

Power Dissipation (Note 1 ) Internally Limited 

Operating Junction Temperature Range 0°C to + 1 25°C 
Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 230°C 


Electrical Characteristics Conditions unless otherwise noted: Iout = 500 mA, Cin = 2.2 jmF, Cout = 1 J^F, 
0°C ^ Tj £ + 125°C, Power Dissipation ^ 1.5W. 


Part Number 

LM7905C 


Output Voltage 

5V 

Units 

Input Voltage (unless otherwise specified) 

-10V 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 


Vo 

Output Voltage 

Tj = 25°C 

-4.8 

-5.0 

-5.2 

V 



5 mA ^ loUT ^ 1 A, 

-4.75 


-5.25 

V 



P <; 15W 

(-20 ^ V| N 

-7) 

V 

AVq 

Line Regulation 

Tj = 25°C, (Note 2) 


8 

50 

mV 




(-25 £ V, N £ 

-7) 

V 





2 

15 

mV 




(-12^ V, N ^ 

-8) 

V 

AV 0 

Load Regulation 

Tj = 25°C, (Note 2) 




mV 



5 mA <; Iout ^ 1 «5A 


15 

100 

mV 



250 mA ^ Iqut ^ 750 mA 


5 

50 

mV 

|q 

Quiescent Current 

Tj = 25°C 


1 

2 

mA 

AIq 

Quiescent Current 

With Line 



0.5 



Change 


(-25 £ V, N ^ 

-7) 




With Load, 5 mA ^ Iqut ^ 1A 



0.5 


V n 

Output Noise Voltage 

T a = 25°C, lOHz^f^ 100 Hz 

125 



Ripple Rejection 

f = 120 Hz 

54 

66 


dB 




(-18^V, n ^ 

-8) 

V 


Dropout Voltage 

Tj = 25°c, Iqut = 1A 

1.1 

V 

•OMAX 

Peak Output Current 

Tj = 25°C 

2.2 

A 


Average Temperature 

•out = 5 mA, 


0.4 


mV/°C 


Coefficient of 

Output Voltage 

0C £ Tj £ 100°C 






Typical Applications (Continued) 


Variable Output 



TL/H/7340-2 


* Improves transient response and ripple rejection. Do not increase beyond 50 jwF. 
VouT = VsEr( 5i ^) 

Select R2 as follows: 

LM7905CT 300ft 
LM7912CT 750ft 
LM7915CT Ik 
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Electrical Characteristics (Continued) Conditions unless otherwise noted: Iqut 
Cout = 1 p.F, 0°C ^ Tj ^ + 125°C, Power Dissipation = 1.5W. 


500 mA, C|j\j = 2.2 julF, 


Part Number 

LM7912C 

LM7915C 


Output Voltage 

12V 

15V 

Units 

Input Voltage (unless otherwise specified) 

-19V 

-23V 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 


Vo 

Output Voltage 

Tj = 25°C 

-11.5 

-12.0 

-12.5 

-14.4 

-15.0 

-15.6 

V 



5 mA ^ Iout ^ 1 A, 

-11.4 


-12.6 

-14.25 


-15.75 

V 



P <; 15W 

(-27 ^ V, N ^ 

-14.5) 

(-30 £ V| N <; 

-17.5) 

V 

AV 0 

Line Regulation 

Tj = 25°C, (Note 2) 


5 

80 


5 

100 

mV 




(-30 £ V, N £ 

-14.5) 

(-30^V, N <; 

-17.5) 

V 





3 

30 


3 

50 

mV 




-22 <; V, N <: 

-16) 

(-26 <; V| N <; 

-20) 

V 

AV 0 

Load Regulation 

Tj = 25°C, (Note 2) 


15 

200 


15 

200 

mV 



5 mA ^ Iout ^ T5A 


15 

200 


15 

200 

mV 



250 mA ^ Iqut ^ 750 mA 


5 

75 


5 

75 

mV 

Iq 

Quiescent Current 

Tj = 25° C 


1.5 

3 


1.5 

3 

mA 

AIq 

Quiescent Current 

With Line 



0.5 



0.5 

mA 


Change 


(-30 ^ V| N ^ 

-14.5) 

(-30 <:V, N £ 

-17.5) 

V 



With Load, 5 mA ^ Iqut ^ 1A 



0.5 



0.5 

mA 

V n 

Output Noise Voltage 

T a = 25° C, 10 Hz ^ f ^ 100 Hz 

300 

375 

P.V 


Ripple Rejection 

f = 120 Hz 

54 

70 


54 

70 


dB 




(-25 ^ V| N ^ 

-15) 

(-30<;v, N <; 

-17.5) 

V 


Dropout Voltage 

Tj = 25 °c, Iout = ia 

i.i 

i.i 

V 

•OMAX 

Peak Output Current 

Tj = 25°C 

2.2 

2.2 

A 


Average Temperature 

Iqut = 5 mA, 


-0.8 



-1.0 


mV/°C 


Coefficient of 

Output Voltage 

OC^Tj ^ 100°C 









Note 1: For calculations of junction temperature rise due to power dissipation, thermal resistance junction to ambient (0ja) is 50°C/W (no heat sink) and 5°C/W 
(infinite heat sink). 

Note 2: Regulation is measured at a constant junction temperature by pulse testing with a low duty cycle. Changes in output voltage due to heating effects must be 
taken into account. 


Typical Applications (Continued) 

Fixed Regulator 

J_ -lie* 

Ur 


Dual Trimmed Supply 


INPUT 


LM79XXCT 


i£ 


OUTPUT 


TL/H/7340-3 

’Required if regulator is separated from filter ca- 
pacitor by more than 3" . For value given, ca- 
pacitor must be solid tantalum. 25 jaF aluminum 
electrolytic may be substituted. 
tRequired for stability. For value given, capacitor 
must be solid tantalum. 25 juF aluminum elec- 
trolytic may be substituted. Values given may be 
increased without limit. 

For output capacitance in excess of 100 jmF, a 
high current diode from input to output 
(1N4001, etc.) will protect the regulator from 
momentary input shorts. 
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Typical Applications (Continued) 


High Stability 1 Amp Regulator 



Load and line regulation < 0.01 % temperature stability ^ 0.2% 
t Determine Zener current 
ttSolid tantalum 

‘Select resistors to set output voltage. 2 ppm/°C tracking suggested 


TL/H/7340-5 


Preventing Positive Regulator Latch-Up 



TL/H/7340-6 


R1 and D1 allow the positive regulator to “start-up” when + Vin is delayed relative to -Vin and a heavy load is drawn between the outputs. Without R1 and D1, 
most three-terminal regulators will not start with heavy (0.1 A-1 A) load current flowing to the negative regulator, even though the positive output is clamped by D2. 


*R2 is optional. Ground pin current from the positive regulator flowing through R1 will increase +Vout ~ 60 mV if R2 is omitted. 


’•out = 1 mA + 


Current Source 



TL/H/7340-7 
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Schematic Diagrams 
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Schematic Diagrams (Continued) 
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LM79LXXAC Series 3-Terminal Negative Regulators 


General Description 

The LM79LXXAC series of 3-terminal negative voltage regu- 
lators features fixed output voltages of — 5 V, -12V, and 
- 1 5V with output current capabilities in excess of 1 00 mA. 
These devices were designed using the latest computer 
techniques for optimizing the packaged 1C thermal/electri- 
cal performance. The LM79LXXAC series, even when com- 
bined with a minimum output compensation capacitor of 0.1 
fxF, exhibits an excellent transient response, a maximum 
line regulation of 0.07% Vq/V, and a maximum load regula- 
tion of 0.01 % V 0 /mA. 

The LM79LXXAC series also includes, as self-protection cir- 
cuitry: safe operating area circuitry for output transistor pow- 
er dissipation limiting, a temperature independent short cir- 
cuit current limit for peak output current limiting, and a ther- 
mal shutdown circuit to prevent excessive junction tempera- 
ture. Although designed primarily as fixed voltage regula- 
tors, these devices may be combined with simple external 
circuitry for boosted and/or adjustable voltages and cur- 
rents. The LM79LXXAC series is available in the 3-lead TO- 
92 package, and SO-8; 8 lead package. 


For output voltage other than — 5V, -12V and -15V the 

LM137L series provides an output voltage range from 1.2V 

to 47V. 

Features 

■ Preset output voltage error is less than ± 5% overload, 
line and temperature 

■ Specified at an output current of 1 00 mA 

■ Easily compensated with a small 0.1 jaF output 
capacitor 

■ Internal short-circuit, thermal and safe operating area 
protection 

■ Easily adjustable to higher output voltages 

■ Maximum line regulation less than 0.07% Vout/V 

■ Maximum load regulation less than 0.01 % VouT mA 

■ TO-92 package 


Typical Applications 

Fixed Output Regulator 


Connection Diagrams 

SO-8 Plastic (Narrow Body) 


Cl*' 
0.33 mF 


-VinO- 


I 


1 

I 


C2** 
0.1 mF 


1 

“ V 0UT“ 

i» 

8 


-V,N“ 

2 

7 


-V, N - 

3 

6 

- v 0UT 

NC- 

4 

5 


-NC 
— V| N 
6 — V |N 
* “V, 


IN 


TL/H/7748-4 


TL/H/7748-1 

* Required if the regulator is located far from the power supply filter. A 1 jxF 
aluminum electrolytic may be substituted. 

** Required for stability. A 1 jmF aluminum electrolytic may be substituted. 


Top View 

Order Number LM79L05ACM, 
LM79L12ACM or LM79L15ACM 
See NS Package Number M08A 


Adjustable Output Regulator 


TO-92 Plastic Package (Z) 



-V 0 = — 5V - (5V/R1 + Iq) • R2, 
5V/R1 > 3 Iq 



Order Number LM79L05ACZ, 
LM79L12ACZ or LM79L15ACZ 
See NS Package Number Z03A 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Input Voltage 

V 0 = —5V, -12V, -15V -35V 

Internal Power Dissipation (Note 1) Internally Limited 


Operating Temperature Range 
Maximum Junction Temperature 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 


0°C to +70°C 
-M25°C 
— 55°C to + 1 50°C 
260°C 


Electrical Characteristics (Note2)TA = 0°cto + 70°C unless otherwise noted. 


Output Voltage 

— 5V 

-12V 

-15V 

Units 

Input Voltage (unless otherwise noted) 

-10V 

-17V 

-20 V 

Symbol 

Parameter 

Conditions 

Min Typ Max 

E13E9E33 

Min Typ Max 

Vo 

Output Voltage 

Tj = 25°C, l 0 = 100 mA 

-5.2 -5 -4.8 

-12.5 -12 -11.5 

-15.6 -15 -14.4 

V 

1 mA ^ Iq ^ 100 mA 

Vmin ^ V| N £ v M ax 

-5.25 -4.75 

(-20 ^ V| N ^ -7.5) 

-12.6 -11.4 

(-27 £ V| N ^ -14.8) 

-15.75 -14.25 

(-30 £ V| N £ -18) 

1 mA <. \q 40 mA 

Vmin ^ V| N ^ v M ax 

-5.25 -4.75 

(-20 <; V| N ^ -7) 

-12.6 -11.4 
(-27 £ V IN £ -14.5) 

-15.75 -14.25 

(-30 £ V| N ^ -17.5) 

AV 0 

Line Regulation 

Tj = 25°C, l 0 = 100mA 
Vmin ^ V| N ^ Vmax 

60 

(-20 <: V| N £ -7.3) 

45 

(-27 £ V| N ^ -14.6) 

45 

(-30 <: V| N ^ -17.7) 

mV 

V 

Tj = 25°C, l 0 = 40 mA 

Vmin ^ Vin ^ v M ax 

60 

(-20 ^ V, N ^ -7) 

45 

(-27 <; V| N ^ -14.5) 

45 

(-30 ^ V| N ^ -17.5) 

mV 

V 

A 

Load Regulation 

Tj = 25°C 

1 mA ^ Iq ^ 100 mA 

50 

100 

125 

mV 

AV 0 

Long Term Stability 

Iq = 100 mA 

20 

48 

60 

mV/khrs 

Iq 

Quiescent Current 

Iq = 100 mA 

2 6 

2 6 

2 6 

mA 

AIq 

Quiescent Current 
Change 

1 mA ^ Iq ^ 100 mA 

0.3 

0.3 

0.3 

mA 

1 mA ^ Iq ^ 40 mA 

0.1 

0.1 

0.1 

Iq = 100 mA 

0.25 

0.25 

0.25 

mA 

v min ^ Vin ^ Vmax 

(-20 <: V| N <; -7.5) 

(-27 <: V| N ^ -14.8) 

(-30 <; V| N <: -18) 

V 

V n 

Output Noise Voltage 

Tj = 25°C, l 0 = 100 mA 
f = 10 Hz - 10 kHz 

40 

96 

120 

juV 

av, n 

AV 0 

Ripple Rejection 

Tj = 25°C, l 0 = 100 mA 
f = 120 Hz 

50 

52 

50 

dB 


Input Voltage 
Required to 

Maintain Line 
Regulation 

Tj = 25°C, l 0 = 100 mA 
Iq = 40 mA 

CO o 

1 1 

-14.6 

-14.5 

-17.7 

-17.5 

V 

V 


Note 1: Thermal resistance of Z package is 60°c/w 0j C , 232°c/w 0j a at still air, and 88°c/w at 400 ft/min of air. 
The maximum junction temperature shall not exceed 125°C on electrical parameters. 

Note 2: To ensure constant junction temperature, low duty cycle pulse testing is used. 
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Typical Performance Characteristics 


1 


Maximum Average Power 



0 15 30 45 60 75 


T a - AMBIENT TEMPERATURE (°C) 


Dropout Voltage 



0 25 50 75 100 125 

Tj - JUNCTION TEMPERATURE (°C) 



0 5 10 15 20 25 30 

INPUT-OUTPUT DIFFERENTIAL (V) 


Ripple Rejection 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Short Circuit Output 



0 -5 -10 -15 -20 -25 -30 -35 
INPUT VOLTAGE (V) 

Output Voltage vs. 
Temperature (Normalized 



0 25 SO 75 100 125 

Tj - JUNCTION TEMPERATURE (°C) 


Quiescent Current 















lj = U u 

-- 1 



— 

— 


==1=— 
Tj = 25°C 





1 





T; = 125°C 

“"v 01 

_Jou 






JT = " 5V 

T = 40riA 

1 




U 


-5 -10 -15 -20 -25 -30 -35 

INPUT VOLTAGE (V) 



10 100 Ik 10k 100k INI 


FREQUENCY (Hz) 


Typical Applications (Continued) 

± 15V, 100 mA Dual Power Supply 



TL/H/7748-6 


TL/H/7748-5 
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PRELIMINARY 


LMC7660/7669 Switched Capacitor Voltage Converter 


General Description 

The LMC7660 and LMC7669 are CMOS voltage converters 
capable of converting a positive voltage in the range of 
+ 1.5V to + 10V to the corresponding negative voltage of 
-1.5V to -10V. The LMC7660 is a pin-for-pin replacement 
for the popular 7660, while the LMC7669 incorporates a 
unique error flag to detect output fault conditions. Both con- 
verters feature: operation over full temperature and voltage 
range without need for an external diode, low quiescent cur- 
rent, and high power efficiency. 

The LMC7660 uses its built-in oscillator to switch 4 power 
MOS switches and charge two inexpensive electrolytic ca- 
pacitors. The LMC7669 requires only one additional exter- 
nal resistor to detect output faults. 


Features 

■ Operation over full temperature and voltage 
range without an external diode 

■ Low supply current, 200 jtxA max (7660) 

B Error flag to detect output faults (7669) 
b Pin-for-pin replacement for the 7660 

B Wide operating range 1.5V to 10V 
b 97% Voltage Conversion Efficiency 
a 95% Power Conversion Efficiency 
b Easy to use, only 2 external components 
b Extended temperature range 


Block Diagram 



TL/H/9136-1 


Pin Configuration 


LMC7660 


LMC7669 


nc[T 

— — 

b]v* 

Flag [T 

O 

Cap + [2 


7]0sc 

Cap+ [2 


Gnd[3 


6]LV 

Gnd [3 


Cap -[I 


IRut 

Cap - [4 



TL/H/9136-2 


TL/H/9136-3 


Ordering Information 

LMC7660MJ -55°C <; T A £ +125°C 
LMC7669MJ -55°C £ T A ^ +125°C 
LMC7660IN -40°C ^ T A +85°C 
LMC7669IN -40°C <; T A ^ +85°C 
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LMC7660/LMC7669 


Absolute Maximum Ratings (Note d 

If Military /Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 10.5V 

Input Voltage on Pin 1, 6, 7 
(Note 2) -0.3V to (V+ + 0.3V) 

for V+ < 5.5V 
(V+ — 5.5V) to (V+ + 0.3V) 
for V+ > 5.5V 

Current into Pin 6 (Note 2) 20 jllA 

Output Short Circuit Duration 
(V+ ^ 5.5V) Continuous 

Power Dissipation 
(Note 3) 

Tj Max 

0ja 

Storage Temp. Range 
Lead Temp. 

(Soldering, 5 sec) 

ESD Tolerance (Note 1) 

Package 

J N 

0.9W 1.4W 

150°C 150°C 

1 40°C/W 90°C/W 

— 65°C ^ T ^ 150°C 

260°C 260°C 

± 2000V 

Electrical Characteristics (Note 4) 










LMC7660MJ 

LMC7669MJ 

LMC7660IN 

LMC7669IN 


Symbol 

Parameter 

Conditions 

Typ 

Tested 
Limit 
(Note 5) 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Units 

Limits 

Is 

Supply Current 

R l = °o, LMC7660 Only 

120 

200 

400 

200 

400 

jllA 

max 

V + h 

Supply Voltage 

Range High (Note 7) 

R[_ = 10 ka, Pin 6 Open 
Voltage Efficiency ^ 90% 

3 to 10 

3 to 10 

3 to 10 

3 to lO 

V 

V + l 

Supply Voltage 

Range Low 

Rl = 10 kfl, Pin 6 to Gnd. 
Voltage Efficiency ^ 90% 

1.5 to 3.5 

1.5 to 3.5 

1.5 to 3.5 

1.5 to 3.5 

V 

Rout 

Output Source 
Resistance 

l L = 20 mA 

55 

100 

150 

100 

120 

fi 

max 



V = 2V, l L = 3 mA 

Pin 6 Short to Gnd. 

110 

200 

300 

200 

300 

n 

max 

Rose 

Oscillator 

Frequency 


10 




kHz 

P eff 

Power Efficiency 

R L = 5 kH, LMC7660 Only 

97 

95 

90 

95 

90 

% 

min 

Vo eff 

Voltage Conversion 
Efficiency 

Rl = °° 

99.9 

97 

95 

97 

95 

% 

min 

lose 

Oscillator Sink or 
Source Current 

Pin 7 = Gnd. or V+ 

3 




juA 

The following applies to the LMC7669, Rf| ag = 1 MH, (Note 4). Figure 1. 

Is 

Supply Current 

R l = 00 , LMC7669 Only 

200 




juA 

max 

Iflag 

Pin 1 Source Current 

Vpinl = 4.5V 

40 


FUTURE 


juA 

min 

Flag L 

V ou t When Pin 1 

Sets Low 

Force V out High Until 

Pin 1 Sets Low 

-2.3 

PRODUCT 


V 

min 

Flag H 

Vout When Pin 1 
Resets High 

Force V out Low Until 

Pin 1 Resets High 

-3.6 




V 

max 

Peff 

Power Efficiency 

Rl = 5 kO 

94 




% 

Note 1: Absolute Maximum ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its rated operating conditions. See Note 4 for conditions. 

Note 2: Connecting any input terminal to voltages greater than V + or less than ground may cause destructive latchup. It is recommended that no inputs from 
sources operating from external supplies be applied prior to “power-up” of the LMC7660 or the LMC7669. 

Note 3: For operation at elevated temperature, these devices must be derated based on a thermal resistance of 0j a and Tj max, Tj = Ta + 0j a P D . 

Note 4: Boldface numbers apply at temperature extremes. All other numbers apply at Ta = 25°C, V+ = 5V, C osc = 0, and apply for the LMC7660 and the 
LMC7669 unless otherwise specified. Test circuit is shown in Figure 1. 

Note 5: Guaranteed and 100% production tested. 

Note 6: Guaranteed over the operating temperature range (but not 100% tested). These limits are not used to calculate outgoing quality levels. 

Note 7: The LMC7660 and the LMC7669 can operate without an external diode over the full temperature and voltage range. The LMC7660 can also be used with 
the external diode Dx, when replacing previous 7660 designs. 

Note 8: The test circuit consists of the human body model of 100 pF in series with 1500ft. 
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♦Pull down resistor (LMC7669 only) 


FIGURE 1. LMC7660/LMC7669 Test Circuit 


TL/H/9136-5 


Typical Performance Characteristics 


OSC Freq. vs OSC 




0 12345678 

LOAD CURRENT (mA) 



0 10 20 30 40 50 60 

LOAD CURRENT (mA) 


Supply Current & Power Efficiency Supply Current & Power Efficiency Output Source Resistance as a 

Function of Temperature 



1 2 3 4 5 6 7 

LOAD CURRENT (mA) 



10 20 30 40 50 

LOAD CURRENT (mA) 



TEMPERATURE (°C) 


Unloaded Oscillator Frequency 
as a Function of Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 




so i ill Him i i ' 1 1 ' hi i i i mm 

10 2 10 3 10 4 10 5 
OSCILLATOR FREQUENCY (Hz) 

TL/H/9136-4 
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CIRCUIT DESCRIPTION 

The LMC7660 contains four large CMOS switches which 
are switched in a sequence to provide supply inversion V out 
= — Vj n . Energy transfer and storage are provided by two 
inexpensive electrolytic capacitors. Figure 2 shows how the 
LMC7660 can be used to generate -V+ from V+. When 
switches SI and S3 are closed, C p charges to the supply 
voltage V+. During this time interval, switches S2 and S4 
are open. After C p charges to V+, SI and S3 are opened, 
S2 and S4 are then closed. By connecting S2 to ground, C p 
develops a voltage — V + / 2 on C r . After a number of cycles 
C r will be pumped to exactly -V+. This transfer will be 
exact assuming no load on C r , and no loss in the switches. 
In the circuit of Figure 2 ', SI is a P-channel device and S2, 
S3, and S4 are N-channel devices. Because the output is 
biased below ground, it is important that the p~ wells of S3 
and S4 never become forward biased with respect to either 
their sources or drains. A substrate logic circuit guarantees 
that these p _ wells are always held at the proper voltage. 
Under all conditions S4 p~ well must be at the lowest po- 
tential in the circuit. To switch off S4, a level translator gen- 
erates Vqs 4 = OV, and this is accomplished by biasing the 
level translator from the S4 p _ well. 

An internal RC oscillator and 2 circuit provide timing sig- 
nals to the level translator. The built-in regulator biases the 
oscillator and divider to reduce power dissipation on high 
supply voltage. The regulator becomes active at about V + 
= 6.5V. Low voltage operation can be improved if the LV 
pin is shorted to ground for V+ ^ 3.5V. For V+ ^ 3.5V, the 
LV pin must be left open to prevent damage to the part. 
The LMC7669 is identical to the LMC7660 with the excep- 
tion of an error flag that warns of output fault conditions. 
The flag goes low when a fault pulls the output to about 
-0.5V+. Hysteresis provides a reset to the flag when V out 
= - 0.75V +. The only additional component required is a 
pull down resistor. 

POWER EFFICIENCY AND RIPPLE 

It is theoretically possible to approach 1 00% efficiency if the 
following conditions are met: 


1) The drive circuitry consumes little power. 

2) The power switches are matched and have low R on . 

3) The impedance of the reservoir and pump capacitors are 
negligibly small at the pumping frequency. 

The LMC7660 closely approaches 1 and 2 above. By using 
a large pump capacitor C p , the charge removed while sup- 
plying the reservoir capacitor is small compared to C p ’s total 
charge. Small removed charge means small changes in the 
pump capacitor voltage, and thus small energy loss and 
high efficiency. The energy loss by C p is: 

E = y 2 C p (Vl2- V22) 

By using a large reservoir capacitor, the output ripple can be 
reduced to an acceptable level. For example, if the load 
current is 5 mA and the accepted ripple is 200 mV, then the 
reservoir capacitor can omit approximately be calculated 
from: 



~C r x Vri PP' e P-P 
4/Fqsc 


C r = 


0.5 mA 
0.5V/ms 


= 10 juF 


PRECAUTIONS 

1) Do not exceed the maximum supply voltage or junction 
temperature. 

2) Do not short pin 6 (LV terminal) to ground for supply volt- 
ages greater than 3.5V. 

3) Do not short circuit the output to V+. 

4) External electrolytic capacitors C r and C p should have 
their polarities connected as shown in Figure 1. 


REPLACING PREVIOUS 7660 DESIGNS 

To prevent destructive latchup, previous 7660 designs re- 
quire a diode in series with the output when operated at 
elevated temperature or supply voltage. Although this pre- 
vented the latchup problem of these designs, it lowered the 
available output voltage and increased the output series re- 
sistance. 

The National LMC7660 and LMC7669 have been designed 
to solve the inherent latch problem. The LCM7660 and 


V + (pin 8) 

( pin 2 ) 


Gnd (pin 3) 

_A— A 

j 

c 

o 

TJ 

UI+ 

• 

• 


n 

i 

i 

i 

> — 1 

+ 

= C r 

►—O' 


(pin 4) + 

-M>°— 1 


(pin 5) 


3V out = -V + 


-TLTLTL 

FIGURE 2. Idealized Voltage Converter 


TL/H/9136-6 
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LMC7669 can operate over the entire supply voltage and 
temperature range without the need for an output diode. 
When replacing existing designs, the LMC7660 can be op- 
erated with diode Dx. 

Typical Applications 

Changing Oscillator Frequency 

It is possible to dramatically reduce the quiescent operating 
current of the LMC7660/7669 by lowering the oscillator fre- 
quency. The oscillator frequency can be lowered from a 
nominal 10 kHz to several hundred hertz, by adding a slow- 
down capacitor C osc (Figure 3). As shown in the Typical 
Performance Curves the supply current can be lowered to 
the 10 juiA range. This low current drain can be extremely 


useful when used in juPower and battery back-up equip- 
ment. It must be understood that the lower operating fre- 
quency and supply current cause an increased impedance 
of C r and C p . The increased impedance, due to a lower 
switching rate, can be offset by raising C r and C p until ripple 
and load current requirements are met. 

Synchronizing to an External Clock 

Figure 4 shows an LMC7660 synchronized to an external 
clock. The CMOS gate overrides the internal oscillator when 
it is necessary to switch faster or reduce power supply inter- 
ference. The external clock still passes through the -r- 2 cir- 
cuit in the 7660, so the pumping frequency will be y 2 the 
external clock frequency. 



TL/H/9136-7 

FIGURE 3. Reduce Supply Current by Lowering Oscillator Frequency 


v + 
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Typical Applications (Continued) 

Lowering Output Impedance 

Paralleling two or more LMC7660’s lowers output imped- 
ance. Each device must have it’s own pumping capacitor 
C p , but the reservoir capacitor C r is shared as depicted in 
Figure 5. The composite output resistance is: 

- R out °f one LMC7660 
out Number of devices 

Increasing Output Voltage 

Stacking the LMC7660s is an easy way to produce a greater 
negative voltage. It should be noted that the input 


current required for each stage is twice the load current on 
that stage as shown in Figure 6A. The effective output re- 
sistance is approximately the sum of the individual R ou t val- 
ues, and so only a few levels of multiplication can be used. 
It is possible to generate - 1 5 V from + 5V by connecting 
the second 7660’s pin 8 to + 5V instead of ground as 
shown in Figure 6B. Note that the second 7660 sees a full 
20V and the input supply should not be increased beyond 
+ 5V. 



10 M fJ 



Isji 2 ' 1 

J 



F 

2 


LMC7660 


LMC7660 


s P= L_ 

4 



— 1 2I l 






5 ii V oul = -2V* 


C r 1=j=10/xF 


FIGURE 6A. Higher Voltage by Cascade 


C r 2=J=10/iF 


TL/H/9136-10 
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Typical Applications (Continued) 

Split V+ In Half 

Figure 7 is one of the more interesting applications for the 
LMC7660. The circuit can be used as a precision voltage 
divider (for very light loads), alternately it is used to generate 
a i/ 2 supply point in battery applications. In the y 2 cycle 
when SI and S3 are closed, the supply voltage divides 
across the capacitors in a conventional way proportional to 
their value. In the y 2 cycle when S2 and S4 are closed, the 
capacitors switch from a series connection to a parallel con- 
nection. This forces the capacitors to have the same volt- 
age; the charge redistributes to maintain precisely V+/2, 
across C p and C r . In this application all devices are only 
V+/2, and the supply voltage can be raised to 20V giving 
exactly 10V at V out . 


Getting Up . . . and Down 

The LMC7660 can also be used as a positive voltage multi- 
plier. This application, shown in Figure 8, requires 2 addi- 
tional diodes. During the first y 2 cycle S2 charges C p 1 
through D1; D2 is reverse biased. In the next y 2 cycle S2 is 
open and SI is closed. Since C p 1 is charged to V+ — Vqi 
and is referenced to V+ through SI, the junction of D1 and 
D2 is at V+ + (V+ -Vqi). D1 is reverse biased in this 
interval. This application uses only two of the four switches 
in the 7660. The other two switches can be put to use in 
performing a negative conversion at the same time as 
shown in Figure 9. In the y 2 cycle that D1 is charging C p 1, 
C p 2 is connected from ground to -V out via S2 and S4, and 
C r 2 is storing C p 2’s charge. In the interval that SI and S3 
are closed, C p 1 pumps the junction of D1 and D2 above 
V+, while C p 2 is refreshed from V+. 




TL/H/9136-13 
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Typical Applications (Continued) 



Thermometer Spans 180°C 

Using the combined negative and positive multiplier of Fig- 
ure 10 with an LM35 it is possible to make a jaPower ther- 
mometer that spans a 180°C temperature range. The LM35 
temperature sensor has an output sensitivity of 1 0 mV/°C, 
while drawing only 50 joiA of quiescent current. In order for 
the LM35 to measure negative temperatures, a pull down to 
a negative voltage is required. Figure 10 shows a thermom- 
eter circuit for measuring temperatures from -55°C to 
+ 1 25°C and requiring only two 1 .5V cells. End of battery life 
can be extended by replacing the up converter diodes with 
Schottky’s. 

Regulating -V out 

It is possible to regulate the output of the LMC7660 and still 
maintain jaPower performance. This is done by enclosing 


the LMC7660 in a loop with a LP2951. The circuit of Figure 
11 will regulate V out to -5 V for l|_ = 10 mA, and Vj n = 6V. 
For Vj n > 7V, the output stays in regulation up to l|_ = 25 
mA. The error flag on pin 5 of the LP2951 sets low when the 
regulated output at pin 4 drops by about 5%. The LP2951 
can be shutdown by taking pin 3 high; the LMC7660 can be 
shutdown by shorting pin 7 and pin 8. 

The LP2951 can be reconfigured to an adjustable type regu- 
lator, which means the LMC7660 can give a regulated out- 
put from -2.0V to -10V dependent on the resistor ratios 
R1 and R2, as shown in Figure 12 , V re f = 1.235V: 

v out = v ref 



*For lower voltage operation, use Schottky rectifiers TL/H/9136-15 


FIGURE 10. juPower Thermometer Spans 180°C, and Pulls Only 150 pA 
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Typical Applications (Continued) 


+ Vin 6 V 

S.D. Input 0.022 uF to 25V 



TL/H/9136-16 

FIGURE 11. Regulated -5V with 200 fx A Standby Current 


+ Vin 6V 



*Low voltage operation TL/H/9136-17 

FIGURE 12. LMC7660 and LP2951 Make a Negative Adjustable Regulator 
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LP2950/ LP2950AC/ LP2950C/ LP2951/ LP2951AC/ LP2951C 



National 

Semiconductor 

Corporation 


LP2950/LP2950AC/LP2950C 5V and 
LP2951/LP2951AC/LP2951C Adjustable 
Micropower Voltage Regulators 


General Description 

The LP2950 and LP2951 are micropower voltage regulators 
with very low quiescent current (75 jwA typ.) and very low 
dropout voltage (typ. 40 mV at light loads and 380 mV at 
1 00 mA). They are ideally suited for use in battery-powered 
systems. Furthermore, the quiescent current of the 
LP2950/LP2951 increases only slightly in dropout, prolong- 
ing battery life. 

The LP2950 in the popular 3-pin TO-92 package is pin-com- 
patible with older 5V regulators. The 8-lead LP2951 is avail- 
able in plastic, ceramic dual-in-line, or metal can packages 
and offers additional system functions. 

One such feature is an error flag output which warns of a 
low output voltage, often due to falling batteries on the in- 
put. It may be used for a power-on reset. A second feature 
is the logic-compatible shutdown input which enables the 
regulator to be switched on and off. Also, the part may be 
pin-strapped for a 5V output or programmed from 1 .24V to 
29V with an external pair of resistors. 

Careful design of the LP2950/LP2951 has minimized all 
contributions to the error budget. This includes a tight initial 


tolerance (.5% typ.), extremely good load and line regula- 
tion (.05% typ.) and a very low output voltage temperature 
coefficient, making the part useful as a low-power voltage 
reference. 

Features 

■ High accuracy 5V, guaranteed 100 mA output 
a Extremely low quiescent current 

■ Low dropout voltage 

■ Extremely tight load and line regulation 

■ Very low temperature coefficient 

■ Use as Regulator or Reference 

■ Needs only 1 juF for stability 

■ Current and Thermal Limiting 

LP2951 versions only 

■ Error flag warns of output dropout 

■ Logic-controlled electronic shutdown 

■ Output programmable from 1.24 to 29V 


Block and Connection Diagrams 

(LP2951 Pinout) 



Metal Can Package (H) 

INPUT 



Order Number LP2951H 
See NS Package Number H08C 

TO-92 Plastic Package (Z) 

OUTPUT. / — V, INPUT 


Order Number LP2951J, LP2951ACJ, 
LP2951CJ, LP2951ACN or LP2951CN 
See NS Package Number J08A or N08E 


IT \/ ”V 

$3 


Order Number LP2951ACM or LP2951CM for 
See NS Package Number M08A 


GND" TL/H/8546-2 

Bottom View 

Order Number LP2950ACZ-5.0 
or LP2950CZ-5.0 
See NS Package Number Z03A 


SO-8 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Power Dissipation Internally Limited 

Lead Temp. (Soldering, 5 seconds) 260°C 

Storage T emperatu re Range - 65° to + 1 50°C 

Operating Junction Temperature Range (Note 8) 

LP2951 -55° to + 150°C 

LP2950AC/LP2950C, 

LP2951 AC/LP2951 C -40° to +125°C 


Input Supply Voltage 
Feedback Input Voltage 
(Notes 9 and 10) 

Shutdown Input Voltage 
(Note 9) 

Error Comparator Output 
Voltage (Note 9) 

ESD Rating is to be determined. 


-0.3 to +30V 
-1.5 to +30V 

-0.3 to +30V 

-0.3 to +30V 


Electrical Characteristics (Notei) 


Parameter 

Conditions 

(Note 2) 

LP2951 

LP2950AC 

LP2951AC 

LP2950C 

LP2951C 

Units 

Typ 

Tested 

Limit 

(Note 3) 

Typ 

Tested 

Limit 

(Note 3) 

Design 

Limit 

(Note 4) 

Typ 

Tested 

Limit 

(Note 3) 

Design 

Limit 

(Note 4) 

Output Voltage 

Tj = 25°C 

5.0 

5.025 

5.0 

5.025 


5.0 

5.05 


V max 




4.975 


4.975 



4.95 


V min 


— 25°C ^ Tj ^ 85°C 





5.05 



5.075 

V max 







4.95 



4.925 

V min 


Full Operating 


5.06 



5.06 



5.1 

V max 


Temperature Range 


4.94 



4.94 



4.9 

V min 

Output Voltage 

100 juA ^ II ^ 100 mA 


5.075 



5.07 



5.12 

V max 


T J s t Jmax 


4.925 



4.93 



4.88 

V min 

Output Voltage 

(Note 12) 

20 

120 

20 


100 

50 


150 

ppm/°C 

Temperature Coefficient 











Line Regulation 

6V <; V jn ^ 30V 

0.03 

0.1 

0.03 

0.1 


0.04 

0.2 


% max 

(Note 14) 

(Note 1 5) 


0.5 



0.2 



0.4 

% max 

Load Regulation 

100 julA ^ l L ^ 100 mA 

0.04 

0.1 

0.04 

0.1 


0.1 

0.2 


% max 

(Note 14) 



0.3 



0.2 



0.3 

% max 

Dropout Voltage 

l L = 100 juA 

50 

80 

50 

80 


50 

80 


mV max 

(Note 5) 



150 



150 



150 

mV max 


l L = 100 mA 

380 

450 

380 

450 


380 

450 


mV max 




600 



600 



600 

mV max 

Ground 

l L = IOOjliA 

75 

120 

75 

120 


75 

120 


jlxA max 

Current 



140 



140 



140 

jtiA max 


l L = 100 mA 

8 

12 

8 

12 


8 

12 


mA max 




14 



14 



14 

mA max 

Dropout 

V in = 4.5V 

110 

170 

110 

170 


110 

170 


juA max 

Ground Current 

l L = 100 jmA 


200 



200 



200 

ju,A max 

Current Limit 

< 

o 

c 

II 

O 

160 

200 

160 

200 


160 

200 


mA max 




220 



220 



220 

mA max 

Thermal Regulation 

(Note 13) 

0.05 

0.2 

0.05 

0.2 


0.05 

0.2 


%/W max 

Output Noise, 

C|_ = 1 julF 

430 


430 



430 



/xV rms 

10 Hz to 100 KHz 

C L = 200 }iF 

160 


160 

.. .. 1 


160 



julV rms 


C[_ — 3.3 juiF 




i 







(Bypass = 0.01 jaF 

100 


100 



100 



juV rms 


Pins 7 to 1 (LP2951)) 










8-Pin Versions only 


LP2951 

LP2951AC 

LP2951C 


Reference 


1.235 

1.25 

1.235 

1.25 


1.235 

1.26 


V max 

Voltage 



1.26 


l 

1.26 



1.27 

V max 




1.22 


1.22 



1.21 


V min 




1.2 



1.2 



1.2 

V min 

Reference 

(Note 7) 


1.27 



1.27 



1.285 

V max 

Voltage 



1.19 



1.19 



1.185 

V min 
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Electrical Characteristics (Note i> (continued) 

Parameter 

Conditions 

(Note 2) 

LP2951 

LP2951AC 

LP2951C 

Units 

Typ 

Tested 

Limit 

(Note 3) 

Typ 

Tested 

Limit 

(Note 3) 

Design 

Limit 

(Note 4) 

Typ 

Tested 

Limit 

(Note 3) 

Design 

Limit 

(Note 4) 

8-Pin Versions only (Continued) | 

Feedback Pin 

Bias Current 


20 

40 

60 







nA max 
nA max 

Reference Voltage 
Temperature Coefficient 

(Note 12) 

20 


20 



lllllj 



ppm/°C 

Feedback Pin Bias 
Current Temperature 
Coefficient 


0.1 



■ 


H 



nA/°C 

Error Comparator | 

Output Leakage 

Current 

V 0H = 30V 

0.01 

1 

2 

0.01 

1 

2 

0.01 

1 

2 

jaA max 
juA max 

Output Low 

Voltage 

V in = 4.5V 
lOL = 400 juiA 

150 

250 

400 



400 

150 

250 

400 

mV max 
mV max 

Upper Threshold 

Voltage 

(Note 6) 

60 

40 

25 


m 

25 

60 

40 

25 

mV min 
mV min 

Lower Threshold 

Voltage 

(Note 6) 

75 

95 

140 



140 

75 

95 

140 

mV max 
mV max 

Hysteresis 

(Note 6) 

15 


mm 



mm 



mV 

Shutdown Input | 

Input 

Logic 

Voltage 

Low 

High 

1.3 

0.6 

2.0 

1.3 


0.7 

2.0 

1.3 


0.7 

2.0 

V 

V max 

V min 

Shutdown Pin 

Input Current 

Vshutdown = 2.4 V 

30 

50 

100 

30 

50 

ioo 

30 

50 

100 

/aA max 
juA max 

Vshutdown = 30 V 

450 

600 

750 

450 

600 

750 

450 

600 

750 

£ a 

E E 
< < 

Regulator 

Output Current 
in Shutdown 

(Note 11) 

3 

10 

20 

3 

10 

20 

3 

10 

20 

S £ 

E E 
< < 

=L 3. 

Note 1: Boldface limits apply at temperature extremes. 

Note 2: Unless otherwise specified all limits guaranteed for Tj = 25°C, Vj n = 6V, l[_ = 100 ju,A and Cl = 1 ju,f. Additional conditions for the 8-pin versions are 
Feedback tied to 5V Tap and Output tied to Output Sense (V out = 5V) and V shutC iown ^ 0.8V. 

Note 3: Guaranteed and 100% production tested. 

Note 4: Guaranteed but not 100% production tested. These limits are not used to calculate outgoing AQL levels. 

Note 5: Dropout Voltage is defined as the input to output differential at which the output voltage drops 100 mV below its nominal value measured at 1 V differential. 

At very low values of programmed output voltage, the minimum input supply voltage of 2V (2.3V over temperature) must be taken into account. 

Note 6: Comparator thresholds are expressed in terms of a voltage differential at the Feedback terminal below the nominal reference voltage measured at 6V 
input. To express these thresholds in terms of output voltage change, multiply by the error amplifier gain = V out /V re f = (R1 + R2)/R2. For example, at a 
programmed output voltage of 5V, the Error output is guaranteed to go low when the output drops by 95 mV x 5V/1.235V = 384 mV. Thresholds remain constant 
as a percent of V out as V out is varied, with the dropout warning occurring at typically 5% below nominal, 7.5% guaranteed. 

Note 7: V rei £ V out £ (V in - IV), 2.3V £ V in <: 30V, 100 juA £ l L £ 100 mA, Tj £ T JMAX . 

Note 8: The junction-to-ambient thermal resistance of the TO-92 package is 180°C/W with 0.4" leads and 160°C/W with 0.25" leads to a PC board. The thermal 
resistance of the 8-pin DIP packages is 105°C/W for the molded plastic (N) and 130°C/W for the cerdip (J) junction to ambient when soldered directly to a PC 
board. Thermal resistance for the metal can (H) is 160°C/W junction to ambient and 20°C/W junction to case. Junction to ambient thermal resistance for the S.O. 

(M) package is 160°C/W. 

Note 9: May exceed input supply voltage. 

Note 10: When used in dual-supply systems where the output terminal sees loads returned to a negative supply, the output voltage should be diode-clamped to 
ground. 

Note 11: V S hutdown ^ 2V, Vj n ^ 30V, V out = 0, Feedback pin tied 5V Tap. 

Note 12: Output or reference voltage temperature coefficient is defined as the worst case voltage change divided by the total temperature range. 

Note 13: Thermal regulation is defined as the change in output voltage at a time T after a change in power dissipation is applied, excluding load or line regulation 
effects. Specifications are for a 50 mA load pulse at Vin = 30V (1 .25W pulse) for T = 10 ms. 

Note 14: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are 
covered under the specification for thermal regulation. 

Note 15: Line regulation for the LP2951 is tested at 150°C for II = 1 mA. For II = 100 fj,A and Tj = 125°C, line regulation is guaranteed by design to 0.2%. See 
Typical Performance Characteristics for line regulation versus temperature and load current. 
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Typical Performance Characteristics 
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TL/H/8546-3 



1-283 


LP2950/ LP2950AC/ LP2950C/ LP2951/ LP2951AC/ LP2951C 



LP2950/ LP2950AC/ LP2950C/ LP2951/ LP2951AC/ LP2951C 






Typical Performance Characteristics (Continued) 


Ripple Rejection 




FREQUENCY (Hz) 


FREQUENCY (Hz) 


Shutdown Threshold Voltage 



-75 -50 -25 0 25 50 75 100 125 150 
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TEMPERATURE (°C) 


INPUT VOLTAGE (V) 


LP2951 Divider Resistance 
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TEMPERATURE (°C) 


LP2950 Maximum 
Rated Output Current 



INPUT VOLTAGE (V) 


LP2950 Maximum 
Rated Output Current 
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Se 

o w 
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INPUT VOLTAGE (V) 


TIME (ms) 


TL/H/8546-5 


Application Hints 

EXTERNAL CAPACITORS 

A 1.0 fif (or greater) capacitor is required between the 
LP2950/LP2951 output and ground for stability. Without this 
capacitor the part will oscillate. Most types of tantalum or 
aluminum electrolytics work fine here; even film types work 
but are not recommended for reasons of cost. Many alumi- 
num electrolytics have electrolytes that freeze at about 
-30°C, so solid tantalums are recommended for operation 
below -25°C. The important parameters of the capacitor 
are an ESR of about 5 ft or less and a resonant frequency 
above 500 kHz. The value of this capacitor may be in- 
creased without limit. 

At lower values of output current, less output capacitance is 
required for stability. The capacitor can be reduced to 0.33 
ju,f for currents below 10 mA or 0.1 ju,f for currents below 
1 mA. Using the 8-Pin versions at voltages below 5V runs 


the error amplifier at lower gains so that more output capaci- 
tance is needed. For the worst-case situation of a 100 mA 
load at 1 .23V output (Output shorted to Feedback) a 3.3 jaf 
(or greater) capacitor should be used. 

Unlike many other regulators, the L2950 will remain stable 
and in regulation with no load in addition to the internal volt- 
age divider. This is especially important in CMOS RAM 
keep-alive applications. When setting the output voltage of 
the LP2951 version with external resistors, a minimum load 
of 1 julA is recommended. 

A 0.1 ju,f capacitor should be placed from the 
LP2950/LP2951 input to ground if there is more than 10 
inches of wire between the input and the AC filter capacitor 
or if a battery is used as the input. 

Stray capacitance to the LP2951 Feedback terminal (pin 7) 
can cause instability. This may especially be a problem 
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Application Hints (Continued) 

when using high value external resistors to set the output 
voltage. Adding a 100 pf capacitor between Output and 
Feedback and increasing the output capacitor to at least 3.3 
jit will fix this problem. 

ERROR DETECTION COMPARATOR OUTPUT 

The comparator produces a logic low output whenever the 
LP2951 output falls out of regulation by more than approxi- 
mately 5%. This figure is the comparator’s built-in offset of 
about 60 mV divided by the 1 .235 reference voltage. (Refer 
to the block diagram in the front of the datasheet.) This trip 
level remains “5% below normal” regardless of the pro- 
grammed output voltage of the 2951. For example, the error 
flag trip level is typically 4.75V for a 5V output or 1 1 .4V for a 
1 2V output. The out of regulation condition may be due ei- 
ther to low input voltage, current limiting, or thermal limiting. 
Figure 1 below gives a timing diagram depicting the ERROR 
signal and the regulated outp ut voltag e as the LP2951 input 
is ramped up and down. The ERROR signal becomes valid 
(low) at about 1.3V input. It goes high at about 5V input (the 
input voltage at which Vout = 4.75). Since the LP2951’s 
dropout voltage is load-dependent (see curve in typical per- 
formance characteristics), the input voltage trip point (about 
5 V) will vary with the load current. The output voltage trip 
point (approx. 4.75V) does not vary with load. 

The error comparator has an open-collector output which 
requires an external pullup resistor. This resistor may be 
returned to the 5V output or some other supply voltage de- 
pending on system requirements. In determining a value for 
this resistor, note that while the output is rated to sink 400 
fx A, this sink current adds to battery drain in a low battery 
condition. Suggested values range from 100k to 1 MH. The 
resistor is not required if this output is unused. 

PROGRAMMING THE OUTPUT VOLTAGE (LP2951) 

The LP2951 may be pin-strapped for 5V using its internal 
voltage divider by tying Pin 1 (output) to Pin 2 (sense) and 
Pin 7 (feedback) to Pin 6 (5V Tap). Alternatively, it may be 
programmed for any output voltage between its 1 .235V ref- 
erence and its 30V maximum rating. As seen in Figure 2, an 
external pair of resistors is required. 

The complete equation for the output voltage is 

Vout = Vref* (l + + IfbRi 

where Vref is the nominal 1.235 reference voltage and Ipe 
is the feedback pin bias current, nominally -20 nA. The 


minimum recommended load current of 1 juA forces an up- 
per limit of 1 .2 Mfl on the value of R 2 , if the regulator must 
work with no load (a condition often found in CMOS in 
standby). Irb will produce a 2% typical error in Vqut which 
may be eliminated at room temperature by trimming R-|. For 
better accuracy, choosing R 2 = 100k reduces this error to 
0.17% while increasing the resistor program current to 12 
juA. Since the LP2951 typically draws 60 ju.A at no load with 
Pin 2 open-circuited, this is a small price to pay. 


REDUCING OUTPUT NOISE 


In reference applications it may be advantageous to reduce 
the AC noise present at the output. One method is to reduce 
the regulator bandwidth by increasing the size of the output 
capacitor. This is the only way noise can be reduced on the 
3 lead LP2950 but is relatively inefficient, as increasing the 
capacitor from 1 jmF to 220 jaF only decreases the noise 
from 430 juV to 160 ju, V rms for a 100 kHz bandwidth at 5V 
output. 

Noise can be reduced fourfold by a bypass capacitor ac- 
cross R-|, since it reduces the high frequency gain from 4 to 
unity. Pick 


Cbypass = 


1 

2ttRi *200 Hz 


or about 0.01 juF. When doing this, the output capacitor 
must be increased to 3.3 jaF to maintain stability. These 
changes reduce the output noise from 430 juV to 100 ju,V 
rms for a 100 kHz bandwidth at 5V output. With the bypass 
capacitor added, noise no longer scales with output voltage 
so that improvements are more dramatic at higher output 
voltages. 




*See Application Hints 
Vout = V Re t (l + 
TL/H/8546-7 


FIGURE 2. Adjustable Regulator 
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Typical Applications 


1A Regulator with 1.2V Dropout 


UNREGULATED 

INPUT 



TL/H/8546-22 


300 mA Regulator with 0.75V Dropout 



Wide Input Voltage Range Current 
Limiter 

+ V |N 


ERROR 5 

+ v, N 

ERROR V 0UT 

1 * V 0UT ~ V IN 

OUTPUT 



LP2951 


SHUTDOWN 3 

cn 


INPUT 

ou 

GND FB 




TL/H/8546-9 


Low Drift Current Source 

+V = 2 -► 30V 


r- L i 

l L J| LOAO |l L =^ 



*Minimum input-output voltage ranges from 
40 mV to 400 mV, depending on load current. 
Current limit is typically 1 60 mA. 


5 Volt Current Limiter 

5V BUS 



TL/H/8546-10 

* Minimum input-output voltage ranges from 40 mV to 400 mV, depending on 
load current. Current limit is typically 160 mA. 
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Typical Applications (Continued) 


Regulator with Early Warning 
and Auxiliary Output 



TL/H/8546-11 

■ Early warning flag on low input voltage 

■ Main output latches off at lower input voltages 

■ Battery backup on auxiliary output 

Operation: Reg. # 1 ’s V out is programmed one diode drop above 5V. Its error 
flag becomes active when Vj n ^ 5.7V. When Vj n drops below 5.3V, the error 
flag of Reg. #2 becomes active and via Q1 latches the main output off. 
When Vj n again exceeds 5.7V Reg. # 1 is back in regulation and the early 
warning signal rises, unlatching Reg. #2 via D3. 


Latch Off When Error Flag Occurs 



2 Ampere Low Dropout Regulator 



Buss. 

5V Regulator with 2.5V Sleep Function 


♦V, N 



"High input lowers V out to 2.5 V TL/H/8546-14 

Open Circuit Detector for 
4 — > 20 mA Current Loop 


+5V 
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Typical Applications (Continued) 


Regulator with State-of-Charge Indicator 



TL/H/8546-16 

* Optional Latch off when drop out occurs. Adjust R3 for C2 Switching when Vj n is 6.0V. 

' ’Outputs go low when Vj n drops below designated thresholds. 


Low Battery Disconnect 

For values shown, Regulator shuts down when Vj n < 5.5V and turns on again at 6.0V. Current drain in disconnected mode is = 150 /xA. 



*Sets disconnect Voltage 
**Sets disconnect Hysteresis 


1 


TL/H/8546-17 
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LP2950/ LP2950AC/ LP2950C/ LP2951/ LP2951AC/ LP2951C 






Typical Applications (Continued) 


System Overtemperature Protection Circuit 

+ V| N 



TL/H/8546-18 

LM34 for 125°F Shutdown 
LM35 for 125°C Shutdown 
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Operational Amplifiers— Definition of Terms 


National 

Semiconductor 

Corporation 

Operational Amplifiers 
Definition of Terms 


Bandwidth: That frequency at which the voltage gain is re- 
duced to 1 A/2 times the low frequency value. 
Common-Mode Rejection Ratio: The ratio of the input 
common-mode voltage range to the peak-to-peak change in 
input offset voltage over this range. 

Harmonic Distortion: That percentage of harmonic distor- 
tion being defined as one-hundred times the ratio of the 
root-mean-square (rms) sum of the harmonics to the funda- 
mental. % harmonic distortion = 

(V22 + V3 2 + V42 + . . ,)1/2 (1QQ%) 

VI 

where VI is the rms amplitude of the fundamental and M2, 
M3, V4, . . . are the rms amplitudes of the individual harmon- 
ics. 

Input Bias Current: The average of the two input currents. 
Input Common-Mode Voltage Range: The range of volt- 
ages on the input terminals for which the amplifier is opera- 
tional. Note that the specifications are not guaranteed over 
the full common-mode voltage range unless specifically 
stated. 

Input Impedance: The ratio of input voltage to input current 
under the stated conditions for source resistance (R$) and 
load resistance (R|_). 

Input Offset Current: The difference in the currents into 
the two input terminals when the output is at zero. 

Input Offset Voltage: That voltage which must be applied 
between the input terminals through two equal resistances 
to obtain zero output voltage. 

Input Resistance: The ratio of the change in input voltage 
to the change in input current on either input with the other 
grounded. 

Input Voltage Range: The range of voltages on the input 
terminals for which the amplifier operates within specifica- 
tions. 


Large-Signal Voltage Gain: The ratio of the output voltage 
swing to the change in input voltage required to drive the 
output from zero to this voltage. 

Output Impedance: The ratio of output voltage to output 
current under the stated conditions for source resistance 
(Rs) and load resistance (R|_). 

Output Resistance: The small signal resistance seen at the 
output with the output voltage near zero. 

Output Voltage Swing: The peak output voltage swing, re- 
ferred to zero, that can be obtained without clipping. 

Offset Voltage Temperature Drift: The average drift rate 
of offset voltage for a thermal variation from room tempera- 
ture to the indicated temperature extreme. 

Power Supply Rejection: The ratio of the change in input 
offset voltage to the change in power supply voltages pro- 
ducing it. 

Settling Time: The time between the initiation of the input 
step function and the time when the output voltage has set- 
tled to within a specified error band of the final output volt- 
age. 

Slew Rate: The internally-limited rate of change in output 
voltage with a large-amplitude step function applied to the 
input. 

Supply Current: The current required from the power sup- 
ply to operate the amplifier with no load and the output mid- 
way between the supplies. 

Transient Response: The closed-loop step-function re- 
sponse of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from dc to the 
frequency where the amplifier open loop gain rolls off to 
one. 

Voltage Gain: The ratio of output voltage to input voltage 
under the stated conditions for source resistance (Rs) and 
load resistance (Rl). 
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National 

Semiconductor 

Corporation 

General Purpose Operational 

Amplifier Selection Guide 

Part # 

Vos 

mV (Max) 

•b 

nA (Max) 

GBW 

MHz (Typ) 

Slew 

Rate 

V/jus (Typ) 

Supply 
Current 
(Note 3) 
mA (Max) 

Supply 

Voltage 

Special 

Features 

Min 

V 

Max 

V 

Military Temperature Range (-55°C to + 125°C) Specs at Ta = 25°C (Note 1) 

LH0044A 

0.025 

15 

0.4 

0.06 

3 

±3 

±20 


LM607A 

0.025 

2 

1.8 

0.7 

1.5 

* 

±22 


LH0044 

0.05 

30 

0.4 

0.06 

4 

±3 

±20 


LM607B 

0.05 

3 

1.8 

0.7 

1.5 

- 

±22 


LM1 1 

0.3 

0.05 

* 

0.3 

0.6 

* 

±20 


LF411A 

0.5 

0.2 

4 

15 

2.8 

±6 

±22 


LF441A 

0.5 

0.05 

1 

1 

0.2 

±6 

±22 


LH0052 

0.5 

0.003 

1 

3 

3.5 

±5 

±22 


LM108A 

0.5 

2 

1 

0.3 

0.4 

+ 2 

±20 


LF412A 

1 

0.2 

4 

15 

5.6 

±6 

±22 

Dual BiFet 

LF442A 

1 

0.05 

1 

1 

0.4 

+ 6 

±22 

Dual BiFet 

LH0004 

1 

100 

* 

* 

0.15 

±5 

±45 


LM604A 

i 

40 

7 

2 

8 

4 

36 

Multiplexed OA 

LF155A 

2 

0.05 

2.5 

5 

4 

±5 

±22 


LF156A 

2 

0.05 

5 

12 

7 

±5 

±22 


LF157A 

2 

0.05 

25 

50 

7 

±5 

±22 

Minimum Gain of 5 

LF411 

2 

0.2 

4 

15 

3.4 

±6 

±18 


LMC660A 

2 

0.02 

1.5 

1.7 

2.2 

5 

15 

Quad CMOS 

LM10 

2 

20 

* 

* 

0.4 

(Note 4) 

OA + Reference 

LM101A 

2 

75 

1 

0.5 

3 

±3 

±22 


LM107 

2 

75 

1 

0.5 

3 

±3 

±22 


LM108 

2 

2 

1 

0.3 

0.4 

±2 

±20 


LM112 

2 

2 

1 

0.2 

0.6 

±2 

±20 

Compensated LM108 

LM124A 

2 

50 

* 

* 

3 

3 

32 

Quad 

LM158A 

2 

50 

* 

* 

1.2 

3 

32 

Dual 

LP124 

2 

4 

0.1 

0.05 

0.13 

3 

32 

Quad 

LH0020 

2.5 

250 

* 

* 

5 

±5 

±22 


LF412 

3 

0.2 

4 

15 

6.8 

±6 

±22 

Dual 

LM741A 

3 

80 

1.5 

0.7 

2.8 

±3 

±22 


LH0022 

4 

0.01 

1 

3 

3.5 

±5 

±22 


LF155 

5 

0.1 

2.5 

5 

4 

±5 

±22 


1 
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Operational Amplifier Selection Guides 


General Purpose Operational Amplifier Selection Guide (Continued) 


Part # 

Vos 

mV (Max) 

■b 

nA (Max) 

GBW 

MHz (Typ) 

Slew 

Rate 

V/jus (Typ) 

Supply 
Current 
(Note 3) 
mA (Max) 

Supply 

Voltage 

Special 

Features 

Min 

V 

Max 

V 

Military Temperature Range (-55°C to + 125°C) Specs atT A = 25°C (continued) 

LF156 

5 

0.1 

5 

12 

7 

±5 

±22 


LF157 

5 

0.1 

20 

50 

7 

±5 

±22 

Minimum Gain of 5 

LF147 

5 

0.2 

4 

13 

11 

±6 

±22 

Quad BiFet 

LF412 

5 

0.2 

4 

15 

6.8 

±6 

±18 

Dual BiFet 

LF442 

5 

0.1 

1 

1 

0.5 

±6 

±18 

Dual BiFet 

LF444A 

5 

0.1 

1 

1 

0.80 

±6 

±22 

Quad BiFet 

LH0086 

5 

0.5 

3 

10 

15.5 

±8 

±18 

Programmable Gain OA 

LM124 

5 

150 

* 

- 

3 

3 

32 

Quad 

LM143 

5 

20 

1 

2.5 

4 

±4 



LM144 

5 

20 

1 

2.5 

4 

±4 

±40 

Minimum Gain of 10 

LM146 

5 

100 

1.2 

0.4 

2 



(Note 5) 

LM148 

5 

100 

1 

0.5 

3.6 

±5 


Quad 

LM149 

5 

100 

4 

2 

3.6 

±5 

1^3 


LM158 

5 

150 

* 

* 

1.2 



Dual 

LM192 

5 

150 

* 

* 

2 

3 



LM741 

5 

500 

* 

0.5 

2.8 

±3 

±22 


LM1558 

5 

500 

* 

* 

5 

±3 

±22 

Dual 

LM4250 

5 

50 

0.2 

0.2 

0.1 

±1 

±18 

(Note 5) 

LH0042 

20 

0.025 

1 

3 

3.5 

±5 

±22 



Part # 

Vos 

mV (Max) 

Ib 

nA (Max) 

GBW 

MHz (Typ) 

Slew 

Rate 

V/jaS (Typ) 

Supply 
Current 
(Note 3) 
mA (Max) 

Supply 

Voltage 

Special 

Features 

Min 

V 

Max 

V 

Industrial Temperature Range (-25°C to +85°C) (Note 1) 

LMC669B 

0.025 

0.1 

* 

* 

6 

±8 

±22 

Autozero Block 

LH0044B 

0.05 

30 

0.4 

0.06 

4 

±3 

±20 


LH0044C 

0.05 

30 

0.4 

0.06 

4 

±3 

±20 


LMC669C 

0.05 

0.1 

* 

* 

CD 

±8 

±22 

Autozero Block 

LM208A 

0.5 

2 

1 

0.3 

0.6 

±2 

±20 


LH0052C 

1 

0.005 

1 

3 

3.8 

±5 

±22 


LMC660A 

2 

0.02 

1.5 

1.7 

2.2 

5 

15 

Quad CMOS 

LM10B(L) 

2 

20 

- 

* 

0.4 

(Note 4) 

Op Amp and Reference 

LM201A 

2 

75 

1 

0.5 

3 

±3 

±22 


LM207 

2 

75 

1 

0.5 

3 

±3 

±22 


LM208 

2 

2 

1 

0.3 

0.6 

±2 

±20 


LM212 

2 

2 

1 

0.3 

0.6 

±2 

±20 

Compensated LM208 


CO 

80 

* 

* 

2 

3 

32 

Quad 
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General Purpose Operational Amplifier Selection Guide (Continued) 


Part # 

Vos 

•b 

GBW 

Slew 

Rate 

V/jut s(Typ) 

Supply 

Current 

Supply 

Voltage 

Special 

mV (Max) 

nA (Max) 

MHz (Typ) 

(Note 3) 
mA (Max) 

Min 

V 

Max 

V 

Features 


Industrial Temperature Range (— 25°C to ±85°C) (continued) 


LM258A 

3 

80 

* 

- 

1.2 

3 

32 

Dual 

LF255 

5 

0.1 

2.5 

5 

4 

±5 

±22 


LF256 

5 

0.1 

5 

12 

7 

±5 

±22 


LF257 

5 

0.1 

20 

50 

7 

±5 

±22 

Minimum Gain of 5 

LM224 

5 

150 

* 

* 

2 

3 

32 

Quad 

LM258 

5 

150 

* 

* 

1.2 

3 

32 

Dual 

LM292 

5 

250 

* 

* 

2 

3 

32 

Comparator and Op Amp 

LH0020C 

6 

500 

* 

* 

6 

±5 

±22 


LH0022C 

6 

0.025 

1 

3 

4 

±5 

±22 


LM246 

6 

250 

0.5 

0.4 

2.5 

±2 

±18 

(Note 5) 

LM248 

6 

200 

1 

0.5 

4.5 

±5 

±18 

Quad 

LM249 

6 

200 

4 

2 

4.5 

±5 

±18 

Minimum Gain of 5, Quad 

LH0086C 

10 

to 

d 

3 

10 

15.5 

±8 

±18 

Programmable Gain 1 to 200 

LH0042C 

20 

0.05 

1 

3 

4 

±5 

±22 



Part # 

Vos 

■b 

GBW 

Slew 

Rate 

V/jxs (Typ) 

Supply 

Current 

Supply 

Voltage 

Special 

mV (Max) 

nA (Max) 

MHz (Typ) 

(Note 3) 
mA (Max) 

Min 

V 

Max 

V 

Features 


Commercial Temperature Range (0°C to +70°C) (Notes 1 and 2) 


LMC668A 

0.005 

0.06 

1 

2.5 

3.5 

* 

18 

Commutating Autozero 

LMC668 

0.01 

0.06 

1 

2.5 

3.5 

* 

18 

Commutating Autozero 

LMC669B 

0.025 

0.1 

* 

* 

6 

±8 

±22 

Autozero Block 

LM607A 

0.025 

2 

1.8 

0.7 

1.5 

* 

±22 


LMC669C 

0.05 

0.1 

* 

* 

6 

±8 

±22 

Autozero Block 

LM607B 

0.05 

3 

1.8 

0.7 

1.5 

- 

±22 


LM607 

0.15 

10 

1.8 

0.7 

1.8 

* 

±22 


LF411A 

0.5 

0.2 

4 

15 

2.8 

±6 

±22 


LF441A 

0.5 

0.05 

1 

1 

0.2 

±6 

±22 


LM308A 

0.5 

7 

1 

0.3 

0.8 

±2 

±20 


LM11C 

0.6 

0.1 

* 

0.3 

0.8 

* 

±20 


LF412A 

1 

0.2 

4 

15 

5.6 

±6 

±22 

Dual 

LF442A 

1 

0.05 

1 

1 

0.4 

±6 

±22 

Dual 

LM604A 

1 

40 

5 

3 

9 

4 

36 

Multiplexed Op Amp 

LF355A 

2 

0.05 

2.5 

5 

4 

±5 

±22 


LF356A 

2 

0.05 

5 

12 

10 

±5 

±22 


LF357A 

2 

0.05 

20 

50 

10 

±5 

±22 

Minimum Gain of 5 
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General Purpose Operational Amplifier Selection Guide (continued) 

Part # 

Vos 

mV (Max) 

Ib 

nA (Max) 

GBW 

MHz (Typ) 

Slew 

Rate 

V/jas (Typ) 

Supply 
Current 
(Note 3) 
mA (Max) 

Supply 

Voltage 

Special 

Features 

Min 

V 

Max 

V 

Commercial Temperature Range (0°C to + 70°C) (continued) 

LF411 

2 

0.2 

4 

15 

3.4 

±6 

±22 


LF412 

3 

0.2 

4 

15 

6.8 

±6 

±22 

Dual 


CO 

100 

* 

* 

3 

3 

32 

Quad 

LM358A 

3 

100 

- 

* 

2 

3 

32 

Dual 

LM604 

3 

60 

5 

7 

9 

4 

36 

Multiplexed Op Amp 

LM741E 

3 

80 

1.5 

0.7 

2.8 

±3 

±22 


LMIOC(L) 

4 

30 

* 

* 

0.5 


OA and Reference 

LP324 

4 

10 

0.1 

0.05 

0.15 

3 

32 


LF347B 

5 

0.2 

4 

13 

11 

±6 

±22 

Quad 


5 

0.1 


5 

4 

±5 

±22 


LF356B 

5 

0.1 

5 

12 

4 

±5 

±22 


LF357B 

5 

0.1 

20 

50 

7 

±5 



LF441 

5 

0.1 

1 

1 





LF442 

5 

0.1 

1 

1 

0.5 

±6 


Dual 

LM11CL 

5 

0.2 

* 

0.3 

0.8 

* 

±20 


LM392 

5 

250 

* 

* 

2 

3 

32 


LM833 

5 

1000 

10 

5 

8 

* 


Dual Low Noise 

LMC660 

6 


1.5 

1.7 

2.7 

5 

mm 

Quad CMOS 

LM346 

6 

250 

0.5 

0.4 


±1.5 


(Note 5) 

LM348 

6 

200 

1 

0.5 

4.5 

±5 



LM349 

6 

200 

4 

2 

4.5 

±5 

±18 


LM741C 

6 

500 

1.5 

0.5 

2.8 

±3 



LM1458 

6 

500 

* 

* 

5.6 

±3 



LM4250C 

6 

75 

0.2 

0.2 

0.1 

±1 

±18 

(Note 5) 

LM324 

7 

250 

* 

- 

3 

3 

32 


LM358 

7 

250 

* 

* 

2 

3 

32 



7.5 

250 

1 

0.5 

3 

±3 

±18 


LM307 

7.5 

250 

1 

0.5 

3 

±3 

±18 


LM308 

7.5 

7 

1 

0.3 

0.8 

±2 

±18 


LM312 

7.5 

7 

1 

0.2 

0.8 

±2 

±18 

Compensated LM308 

LM343 

8 

40 

1 

2.5 

5 

±4 

±34 


LM344 

8 

40 

1 

2.5 

5 

±4 

±34 

Minimum Gain of 10 

LF347 

10 

0.2 

4 

13 

11 

±6 

±18 

Quad BiFet 


10 

0.2 

4 

13 

3.4 

±6 

±18 



10 

0.2 

4 

13 

6.8 

±6 

±18 

Dual BiFet 

LF355 

10 

0.2 

2.5 

5 

4 

±5 

±18 


LF356 

10 

0.2 

5 

12 

10 

±5 

±18 


LF357 

10 

0.2 

20 

50 

10 

±5 

±18 

Minimum Gain of 5 

1 
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General Purpose Operational Amplifier Selection Guide (Continued) 


Part # 

Vos 

mV (Max) 

1b 

nA (Max) 

GBW 

MHz (Typ) 

Slew 

Rate 

V/jas (Typ) 

Supply 
Current 
(Note 3) 
mA (Max) 

Supply 

Voltage 

Special 

Features 

Min 

V 

Max 

V 

Commercial Temperature Range (0°C to +70°C) (continued) 

LF444 

10 

0.1 

1 

1 

1 

±6 

±18 

Quad BiFet 

LF13741 

15 

0.2 

1 

0.5 

4 

* 

±18 


TL081C 

15 

0.2 

4 

13 

2.8 

±6 

±18 


TL082C 

15 

0.2 

4 

13 

5.6 

±6 

±18 

Dual BiFet 


Part # 

Vos 

mV (Max) 

•b 

nA (Max) 

GBW 

MHz (Typ) 

Slew 

Rate 

V/jxs (Typ) 

Supply 
Current 
(Note 3) 
mA (Max) 

Supply 

Voltage 

Special 

Features 

Min 

V 

Max 

V 

Automotive Temperature Range (-40°C to +85°C) 

LM604 

3 

60 

7 

3 

9 

4 

36 

Multiplexed Op Amp 

LP2902 

4 

20 

0.1 

0.05 

0.15 

3 

26 

Quad 

LM2902 

7 

250 

* 

* 

3 

3 

26 

Quad 

LM2904 

7 

250 

* 

* 

2 

3 

26 

Quad 

LM2924 

7 

250 

* 

* 

2 

3 

26 

Comparator Plus Op Amp 


*Not Specified. 

Note 1: Datasheet should be referred to for test conditions and more detailed information. 

Note 2: Those looking for a commercial part should also look at the Industrial Temp Range guide as many Hybrids are listed there. 

Note 3: Supply current is for all amplifiers in a package. 

Note 4: The LM10 has 2 versions: one a high voltage part, good to 45V and a low voltage part, good to 7V. Refer to the datasheet for more information. 

Note 5: The LM1 46 and LM4250 are programmable amplifiers. The data shown is for Vs = ± 1 5V and Iset = 1 0 ju.A. Refer to the datasheets for more information. 
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Operational Amplifier Selection Guides 


National 

Semiconductor 

Corporation 



Low Ibias Selection Guide 


<20 pA 

£50 pA 

£100 pA 

£200 pA 

£500 pA 


T a = 25°C 


LH0022 

LMC668 

LH0032A 

LH0032 

LF401A 

LH4101 

LH4104 

LH0022C 

LMC660 

LF155A/156A 

LF155/156 

LF401 

LH0032C 


LH0042 


LF157A 

LF157 

LF400A 

LH0086 


LH0042C 


LF355A/356A 

LF255/256 

LF400 

LH0086C 


LH0052 


LF357A 

LF257 

TL081 



LH0052C 


LF441A 

LF355B/356B 

LH0032AC 



LH0062 


LF442A 

LF357B 

LF351 





LF444A 

LF441 

LF411 A/411 





LM11 

LF442 

LF355/356 






LF444 

LF357 






LM11C 

LF147/347B/347 






LH0062C 

LF353 







LF412A/412 







LF13741 







LM11CL 




Note: Datasheet should be referred to for conditions and more detailed information. 
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National 

Semiconductor 

Corporation 


High Speed Operational 
Amplifier Selection Guide 


Part # 

Slew Rate 
V//xs (Typ) 

GBW 

MHz (Typ) 

Vos 

mV (Max) 

>s 

mA (Max) 
(Note 2) 

Notes 

GBW ;> 4 MHz, T a = 25°C 

LH0024 

500 

70 

8 

15 


LH0032 

500 

70 

15 

22 

FET Input 

LM6361 

300 

50 

20 

6.8 


LM6364 

300 

175 

9 

6.8 

Min Gain of 5 

LM6365 

300 

725 

7 

6.8 

Min Gain of 25 

LH4101 

250 

40 

15 

40 

Medium Power JFET 

LF400 

70 

16 

2.5 

12 

Fast Settling JFET 

LF401 

70 

16 

0.5 

12 

Precision Fast Settling JFET 

LH0003 

70 

30 

3 

3 


LH0062 

70 

15 

15 

12 

FET Input 

LM318 

70 

15 

10 

10 


LF357 

50 

20 

10 

10 

Min Gain of 5, JFET 

LH4104 

40 

16 

10 

25 

Medium Power Fast Settling JFET 

LM359 

30 

30 

* 

22 

Dual Current Mode (Norton) Amp 

LF411 

15 

4 

2 

3.4 

JFET 

LF412 

15 

4 

3 

6.8 

Dual JFET 

LF347 

13 

4 

10 

11 

Quad JFET 

LF351 

13 

4 

10 

3.4 

JFET 

LF353 

13 

4 

10 

6.8 

Dual JFET 

LF356 

12 

4.5 

10 

10 

JFET 

LM833 

7 

15 

5 

8 

Dual Low Noise 


*Not specified. 

Note 1: Datasheet should be referred to for conditions and more detailed information. Many versions with better DC specs are available in addition to those listed 
above. 

Note 2: Supply current is for all amplifiers in a package. 
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Operational Amplifier Selection Guides 



ial 

onductor 

ration 

;dium and High Power Operational Amplifier 
Selection Guide 0.1A Output) 

VjW\ Natior 
fj^/A Semic 
AS Corpo 

M( 

Part# 

•out 

A(Typ) 

Vos 

mV (Max) 

•s 

mA (Max) 

Slew Rate 

V/ fiS (Typ) 

PBW 
kHz (Typ) 

LH4104 

0.1 

10 

25 

40 

* 

LH4101 

0.1 

15 

40 

250 

* 

LH0041 

0.2 

6 

4 

1 

20 

LH0061 

0.5 

15 

15 

25 

1000 

LH0021 

1.0 

6 

4 

1 

20 

LH0101A 

2 

3 

35 

10 

300 

LH0101 

2 

10 

35 

10 

300 

LM675 

3 

10 

50 

8 

* 


(Note 2) 

7 

80 

9 

60 

LM12C(L) 

(Note 2) 

15 

120 

9 

60 

’Not Specified 

Note 1: Refer to Datasheet for conditions and more detailed information. 

Note 2: Iqut for the LM12 is dependent on the amount of power dissipated in the output transistor. The datasheet should be referred to, to determine amount of 
current available. 
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National 

Semiconductor 

Corporation 


Special Amplifier Selection Guide 


LH0045 Two Wire Transmitter 

LH0082 20 MHz Transimpedance Amplifier 

LH0086 Programmable Gain Operational Amplifier 

LM359 Dual Current Mode (Norton) Amplifier 

LM2900, 3900, Quad Current Mode (Norton) Amplifier 
3301,3401 

LM3080 Operational Transconductance Amplifier 

LM13600 Dual Operational Transconductance Amplifier with Linearizing Diodes and Buffers 

13700 Improved Dual Operational Transconductance Amplifier with Linearizing Diodes and Buffers 

LM604 4 In, 1 Out Multiplexed Op Amp 

Note: Refer to the datasheet for specifications. 
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LF147/LF347/LF347B 



National 

Semiconductor 

Corporation 


LF147/LF347/LF347B Wide Bandwidth 
Quad JFET Input Operational Amplifiers 



General Description 

The LF147 is a low cost, high speed quad JFET input opera- 
tional amplifier with an internally trimmed input offset volt- 
age (BI-FET II™ technology). The device requires a low 
supply current and yet maintains a large gain bandwidth 
product and a fast slew rate. In addition, well matched high 
voltage JFET input devices provide very low input bias and 
offset currents. The LF147 is pin compatible with the stan- 
dard LM148. This feature allows designers to immediately 
upgrade the overall performance of existing LF148 and 
LM124 designs. 

The LF147 may be used in applications such as high speed 
integrators, fast D/A converters, sample-and-hold circuits 
and many other circuits requiring low input offset voltage, 
low input bias current, high input impedance, high slew rate 
and wide bandwidth. The device has low noise and offset 
voltage drift. 


Features 


Internally trimmed offset voltage 

2 mV 

Low input bias current 

50 pA 

Low input noise current 

0.01 pAA/fiz 

Wide gain bandwidth 

4 MHz 

High slew rate 

13 V/jas 

Low supply current 

7.2 mA 

High input impedance 

ioi2a 

Low total harmonic distortion Ay = 

10, <0.02% 

R L 10k, V o = 20 Vp-p, BW = 20 Hz 

-20 kHz 

Low 1/f noise corner 

50 Hz 

Fast settling time to 0.01 % 

2 /as 


Simplified Schematic Connection Diagram 


% Quad 


Dual-In-Line Package 


OUT 4 IN 4” IN 4 + V“ IN 3 + IN 3" OUT 3 




Order Number LF147D, LF347D, LF147J, LF347BJ, 
LF347J, LF347M, LF347WM, LF347BN or LF347N 
See NS Package Number D14E, J14A, M14A, 
M14B or N14A 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 


LF147 LF347B/LF347 


contact the National 

Semiconductor 

Sales Office/ 

Storage Temperature 


Distributors for availability and specifications. 

Range 

-65°C<;T A ^150 o C 


LF147 

LF347B/LF347 

Lead Temperature 


Supply Voltage 

±22V 

± 18V 

(Soldering, 10 sec.) 

260°C 260°C 

Differential Input Voltage 

±38V 

±30V 

Soldering Information 


Input Voltage Range 

± 19V 

± 15V 

Dual-In-Line Package 


(Note 1) 



Soldering (10 seconds) 

260°C 

Output Short Circuit 

Continuous 

Continuous 

Small Outline Package 


Duration (Note 2) 



Vapor Phase (60 seconds) 

215°C 

Power Dissipation 

900 mW 

1000 mW 

Infrared (15 seconds) 

220°C 

(Notes 3 and 9) 



See AN-450 “Surface Mounting Methods and Their Effect 

Tj max 

150°C 

150°C 

on Product Reliability” for other methods of soldering sur- 

0jA 

105°C/W 

90°C/W 

face mount devices. 


Operating Temperature 

(Note 4) 

(Note 4) 

ESD rating to be determined. 



Range 


DC Electrical Characteristics (Notes) 


Symbol 

Parameter 

Conditions 

LF147 

LF347B 

LF347 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 





Vos 

Input Offset Voltage 

R s = 10 kfi, T a =25°C 


1 

5 


3 

5 


5 

10 

mV 



Over Temperature 



8 



7 



13 

mV 

AVqs/ at 

Average TC of Input Offset 
Voltage 

R s =10ka 


10 



10 



10 


juV/°C 

los 

Input Offset Current 

Tj = 25°C, (Notes 5, 6) 


25 

100 


25 

100 


25 

100 

pA 



Over Temperature 



25 



4 



4 

nA 

>b 

Input Bias Current 

Tj = 25°C, (Notes 5, 6) 


50 

200 


50 

200 


50 

200 

pA 



Over Temperature 



50 



8 



8 

nA 

Rin 

Input Resistance 

Tj = 25°C 


1012 



1012 



1012 


Ct 

a vol 

Large Signal Voltage Gain 

V s = ±15 V,T a = 25 0 C 
V 0 = ±10V, R L =2 kfl 

50 

100 


50 

100 


25 

100 


V/mV 



Over Temperature 

25 



25 



15 



V/mV 

Vo 

Output Voltage Swing 

V s = ±15V, R L = 10 kft 

±12 

±13.5 


±12 

±13.5 


±12 

±13.5 


V 

Vcm 

Input Common-Mode Voltage 
Range 

V s = ± 15V 

±11 

+ 15 

-12 


±11 

+ 15 

-12 


±11 

+ 15 

-12 


V 

V 

CMRR 

Common-Mode Rejection Ratio 

Rs^lOkft 

80 

100 


80 

100 


70 

100 


dB 

PSRR 

Supply Voltage Rejection Ratio 

(Note 7) 

80 

100 


80 

100 


70 

100 


dB 

Is 

Supply Current 



7.2 

11 


7.2 

11 


7.2 

11 

mA 
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LF147/LF347/LF347B 


AC Electrical Characteristics (Note 5) 


Symbol 

Parameter 

Conditions 

LF147 

LF347B 

LF347 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 


Amplifier to Amplifier Coupling 

T A = 25°C, 
f=1 Hz-20 kHz 
(Input Referred) 

i 


i 

i 


■ 

i 


i 


SR 

Slew Rate 

V S =+15V, T a = 25°C 


13 






13 



GBW 

Gain-Bandwidth Product 

V s = ± 1 5V, T A = 25°C 


4 



4 



4 


MHz 

e n 

Equivalent Input Noise Voltage 

T a = 25°C, R s = ioon, 
f=1000 Hz 

■ 


■ 

■ 

20 



20 


nV/i/Hz 

■n 

Equivalent Input Noise Current 

Tj = 25°C, f= 1000 Hz 

n 

0.01 


n 

0.01 



0.01 


pA/>/Hz 


Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 2: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum junction 
temperature will be exceeded. 

Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 0jA- 

Note 4: The LF147 is available In the military temperature range — 55°C^Ta^125°C, while the LF347B and the LF347 are available in the commercial temperature 
range 0°C^Ta^70°C. Junction temperature can rise to Tj max = 25°C. 

Note 5: Unless otherwise specified the specifications apply over the full temperature range and for Vs= ±20V for the LF147 and for Vs= ± 15V for the LF347B/ 
LF347. Vos> Ib> snd los are measured at Vcm = 0- 

Note 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj=TA+0jA Pd where 0jA is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice from 
V s = ± 5V to + 15V for the LF347 and LF347B and from V s = + 20V to ±5V for the LF147. 

Note 8: Refer to RETS147X for LF147D and LF147J military specifications. 

Note 9: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 
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Typical Performance Characteristics 


Input Bias Current 


|Vs=±15V 






Ta = 

25° 

C 































— 






















1 




















-10 -5 0 5 10 

COMMON-MODE VOLTAGE (V) 



-50 - 25 0 25 50 75 100 125 

TEMPERATURE (°C) 



Positive Common-Mode 
Input Voltage Limit 



0 5 10 15 20 25 

POSITIVE SUPPLY 
VOLTAGE (V) 


Negative Common-Mode 
Input Voltage Limit 



0 -5 -10 -15 -20 -25 

NEGATIVE SUPPLY 
VOLTAGE (V) 




0 10 20 30 40 

OUTPUT SINK CURRENT (mA) 


Output Voltage Swing 



0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


b <L 


§| 

10 



TEMPERATURE (°C) FREQUENCY (MHz) 


Supply Current 



0 5 10 15 20 25 


SUPPLY VOLTAGE (±V) 


Positive Current Limit 



0 10 20 30 40 


OUTPUT SOURCE CURRENT (mA) 


Output Voltage Swing 



0.1 1 10 


Rl-OUTPUT LOAD (Ml) 

Slew Rate 

~Vs=±15V 

R L =2k 

A V =1 


FALLING 


RISING 


50 - 25 0 25 50 75 100 125 

TEMPERATURE (°C) 

TL/H/5647-2 
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LF1 47/LF347/LF347B 


Typical Performance Characteristics (Continued) 


Distortion vs Frequency 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Undistorted Output Voltage 
Swing 



10k 100k INI 

FREQUENCY (Hz) 


160 

140 

1st 100 

> -a 

80 

1 § 60 
& 40 

20 
0 


Common-Mode Rejection 
Ratio 



FREQUENCY (Hz) 


Power Supply Rejection 
Ratio 



FREQUENCY (Hz) 


70 



= > 
s 


60 

50 

40 

30 

20 

10 

0 



Open Loop Frequency 
Response 



1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Equivalent Input Noise 
Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Inverter Settling Time 



0.1 1 10 
SETTLING TIME (/xs) 


TL/H/5647-3 
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Pulse Response R L =2kn,c L =iopF 


Small Signal Inverting 



TIME (0.2 ps/DIV) 


TL/H/5647-4 


Small Signal Non-Inverting 



TIME (0.2 pts/DIV) 


TL/H/5647-5 


Large Signal Inverting 



TIME (2 ms/DIV) 


TL/H/5647-6 


Large Signal Non-Inverting 


> 



£ 


LU 

C3 

< 



TIME (2 jus/DIV> 


TL/H/5647-7 



Current Limit (Rl= 100fl) 



TIME (5/is/DIV) 


TL/H/5647-8 


Application Hints 

The LF147 is an op amp with an internally trimmed input 
offset voltage and JFET input devices (BI-FET II™). These 
JFETs have large reverse breakdown voltages from gate to 
source and drain eliminating the need for clamps across the 
inputs. Therefore, large differential input voltages can easily 
be accommodated without a large increase in input current. 
The maximum differential input voltage is independent of 
the supply voltages. However, neither of the input voltages 


should be allowed to exceed the negative supply as this will 
cause large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. Exceeding the negative 
common-mode limit on both inputs will force the amplifier 



2-19 


LF147/LF347/LF347B 




LF 1 47/LF347/LF347B 


Application Hints (Continued) 

output to a high state. In neither case does a latch occur 
since raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a normal 
operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifiers will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

Each amplifier is individually biased by a zener reference 
which allows normal circuit operation on ±4.5V power sup- 
plies. Supply voltages less than these may result in lower 
gain bandwidth and slew rate. 

The LF147 will drive a 2 kft load resistance to ±10V over 
the full temperature range. If the amplifier is forced to drive 
heavier load currents, however, an increase in input offset 
voltage may occur on the negative voltage swing and finally 
reach an active current limit on both positive and negative 
swings. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed back- 


Detailed Schematic 


wards in a socket as an unlimited current surge through the 
resulting forward diode within the 1C could cause fusing of 
the internal conductors and result in a destroyed unit. 
Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 
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Typical Applications 


Digitally Selectable Precision Attenuator 


n 

Vs 

N. O 

1 


m 


m 


X , 

86 Ek r 

■ 


r— 1 V'A — i 

n 



A1 

A2 



0 

0 

0 

0 

0 

0 

1 

-1 dB 

0 

1 

0 

— 2 dB 

0 

1 

1 

— 3 dB 

1 

0 

0 

— 4 dB 

1 

0 

1 

— 5 dB 

1 

1 

0 

— 6 dB 

1 

1 

1 

— 7 dB 


All resistors 1 % tolerance 


SV — |— i — OFF 


ATTENUATION SELECT INPUTS 


• Accuracy of better than 0.4% with standard 1 % value resistors 

• No offset adjustment necessary 

• Expandable to any number of stages 

• Very high input impedance 


TL/H/5647-10 


Long Time integrator with Reset, Hold and Starting Threshold Adjustment 



ADJUST 


TL/H/5647-1 1 


• Vqut st a rts from zero and is equal to the integral of the input voltage with respect to the threshold voltage: 

VoUT = ^ Jq^'N ~ v TH)dt 

• Output starts when Vin^Vjh 

• Switch SI permits stopping and holding any output value 

• Switch S2 resets system to zero 
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LF 1 47/LF347/LF347B 


Typical Applications (Continued) 


Universal State Variable Filter 


100k 



TL/H/5647-12 

For circuit shown: 

f 0 = 3 kHz, fNOTCH = 9-5 kHz 

Q = 3.4 

Passband gain: 

Highpass — 0.1 
Bandpass— 1 
Lowpass — 1 
Notch— 10 


• f o xQ^200 kHz 

• 10V peak sinusoidal output swing without slew limiting to 200 kHz 

• See LM148 data sheet for design equations 
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SI 


National 

Semiconductor 

Corporation 


ei Photocell amplifiers 
□ Sample and Hold circuits 

Common Features 

(LF155A, LF156A, LF157A) 


LF155/LF156/LF157 Series Monolithic 
JFET Input Operational Amplifiers 

LF155, LF155A, LF255, LF355, LF355A, 

LF355B Low Supply Current 
LF156, LF156A, LF256, LF356, LF356A, 

LF356B Wide Band 

LF157, LF157A, LF257, LF357, LF357A, 

LF357B Wide Band Decompensated (Avr/hn = 5) 
General Description 

These are the first monolithic JFET input operational ampli- 
fiers to incorporate well matched, high voltage JFETs on the 
same chip with standard bipolar transistors (BI-FETtm Tech- 
nology). These amplifiers feature low input bias and offset 
currents, low offset voltage and offset voltage drift, coupled 
with offset adjust which does not degrade drift or common- 
mode rejection. The devices are also designed for high slew 
rate, wide bandwidth, extremely fast settling time, low volt- 
age and current noise and a low 1 /f noise corner. 

Advantages 

D Replace expensive hybrid and module FET op amps 
B Rugged JFETs allow blow-out free handling compared 
with MOSFET input devices 

B Excellent for low noise applications using either high or 
low source impedance — very low 1 /f corner 
B Offset adjust does not degrade drift or common-mode 
rejection as in most monolithic amplifiers 
b New output stage allows use of large capacitive loads 
(10,000 pF) without stability problems 
B Internal compensation and large differential input volt- 
age capability 

Applications 

B Precision high speed integrators 
b Fast D/A and A/D converters 
b High impedance buffers 
b Wideband, low noise, low drift amplifiers 
b Logarithmic amplifiers 



BI FET II Technology 


□ Low input bias current 

30 pA 

□ Low Input Offset Current 

3 pA 

□ High input impedance 

101 2fi 

□ Low input offset voltage 

1 mV 

□ Low input offset voltage temp, drift 

3 jaV/°C 

□ Low input noise current 

0.01 pAA/Hz 

□ High common-mode rejection ratio 

100 dB 

□ Large dc voltage gain 

106 dB 


Uncommon Features 


□ Extremely 
fast settling 
time to 
0 . 01 % 

□ Fast slew 
rate 

□ Wide gain 
bandwidth 

□ Low input 
noise voltage 


LF155A 

LF156A 

LF157A 
(A v — 5) 

Units 

4 

1.5 

1.5 

flS 

5 

12 

50 

V//XS 

2.5 

5 

20 

MHz 

20 

12 

12 

nV/VHz 


Simplified Schematic 


*3 pF in LF157 series. 


<t> 




u 


17 ) 

~° +V CC 


c* 

Hh 




ptr 


2Q 


-W- 



2-23 


LF155/155A/LF255/LF355/355A/355B/LF156/156A/LF256/LF356/LF356A/356B/LF157/157A/LF257/LF357/357A/357B 




LF1 55/ 1 55A/LF255/LF355/355A/355B/LF1 56/ 1 56A/LF256/LF356/LF356A/356B/LF1 57/ 157A/LF257/LF357/357A/357B 


Absolute Maximum Ratings 


If Military /Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for 
availability and specifications. 

(Note 8) 



LF155A/6A/7A 

LF155/6/7 

LF355B/6B/7B 

LF255/6/7 

LF355/6/7 

LF355A/6A/7A 

Supply Voltage 

±22V 

±22 V 

±22V 

±18V 

Differential Input Voltage 

±40V 

±40V 

+ 40V 

±30V 

Input Voltage Range (Note 2) 

±20V 

±20V 

+ 20V 

± 16V 

Output Short Circuit Duration 

TjMAX 

Continuous 

Continuous 

Continuous 

Continuous 

H-Package 

150°C 

1 50°C 

1 15°C 

1 15°C 

N-Package 



100°C 

100°C 

J-Package 


150°C 

1 15°C 

1 15°C 

M-Package 



100°C 

100°C 

Power Dissipation at Ta = 25°C (Notes 1 and 9) 




H-Package (Still Air) 

560 mW 

560 mW 

400 mW 

400 mW 

H-Package (400 LF/Min Air Flow) 

1200 mW 

1200 mW 

1000 mW 

1000 mW 

N-Package 



670 mW 

670 mW 

J-Package 


1260 mW 

900 mW 

900 mW 

M-Package 

Thermal Resistance (Typical) 0 ja 



380 mW 

380 mW 

H-Package (Still Air) 

225°C/W 

225°C/W 

225°C/W 

225°C/W 

H-Package (400 LF/Min Air Flow) 

90°C/W 

90°C/W 

90°C/W 

90°C/W 

N-Package 



130°C/W 

130°C/W 

J-Package 


100°C/W 

100°C/W 

100°C/W 

M-Package 
(Typical) 0 JC 



195°C/W 

1 95°C/W 

H-Package (Still Air) 

23°C/W 

23°C/W 

23°C/W 

23°C/W 

H-Package (400 LF/Min Air Flow) 

10°C/W 

10°C/W 

10°C/W 

10°C/W 

Storage Temperature Range 

— 65°C to +150°C 

— 65°C to + 1 50°C 

— 65°C to + 1 50°C 

— 65°C to + 1 50°C 

Lead Temp. (Soldering, 10 sec.) Metal Can 

300° C 

300°C 

300°C 

300°C 

Lead Temp. (Soldering, 10 sec.) Plastic Dip 

260°C 

260°C 

260° C 

260°C 


Soldering Information 
Dual-ln-Line Package 

Soldering (1 0 sec.) 260°C 

Small Outline Package 

Vapor Phase (60 sec.) 21 5°C 

Infrared (1 5 sec.) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface 
mount devices. 

ESD rating to be determined. 


DC Electrical Characteristics (Note 3) t a = tj = 25 c 


Symbol 

Parameter 

Conditions 

1 LF155A/6A/7A | 

LF355A/6A/7A j 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Vos 

Input Offset Voltage 

R s = 50n,T A =25°C 


1 

2 


1 

2 

mV 



Over Temperature 



2.5 



2.3 

mV 

AVqs/AT 

Average TC of Input 
Offset Voltage 

R s = 50n 


3 

5 


3 

5 

JLlV/°C 

ATC/AVqs 

Change in Average TC 

R s = 50fL, (Note 4) 


0.5 



0.5 


jllV/°C 


with Vos Adjust 






per mV 

•os 

Input Offset Current 

Tj = 25°C, (Notes 3, 5) 


3 

10 


3 

10 

pA 



Tj^T H |GH 



10 



1 

nA 

•b 

Input Bias Current 

Tj = 25°C, (Notes 3, 5) 


30 

50 


30 

50 




Tj^T H |GH 



25 



5 


r in 

Input Resistance 

Tj = 25°C 


1012 



1012 


a 

Avol 

Large Signal Voltage 

V S =±15V, T A — 25°C 

50 

200 


50 

200 


V/mV 


Gain 

V Q = ± 10V, R L = 2k 
Over Temperature 

25 



25 



V/mV 

v 0 

Output Voltage Swing 

V s = ±15V, R L = 10k 

±12 

±13 


±12 

±13 


V 



V S =±15V, R L = 2k 

±10 

±12 


±10 

±12 


V 
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DC Electrical Characteristics (Note3)t A = Tj = 25 c (continued) 


Symbol 

Parameter 

Conditions 

LF155A/6A/7A 

| LF355A/6A/7A | 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

VcM 

Input Common-Mode 
Voltage Range 

V S =±15V 

±11 

+ 15.1 
-12 


±11 

+ 15.1 
-12 


V 

V 

CMRR 

Common-Mode Rejection 
Ratio 


85 

100 


85 

100 


dB 

PSRR 

Supply Voltage Rejection 
Ratio 

(Note 6) 

85 

100 


85 

100 


dB 


AC Electrical Characteristics t a = tj = 25“c,v s =±i5v 


Symbol 

Parameter 

Conditions 

LF155A/355A 

LF156A/356A 

LF157A/357A 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

SR 

Slew Rate 

LF1 55 A/ 6 A; A v — 1 , 

3 

5 


10 

12 





V/jas 



LF157A; A v =5 







40 

50 


V/ JLtS 

GBW 

Gain Bandwidth 

Product 



2.5 


4 

4.5 


15 

20 


MHz 


Settling Time to 0.01 % 

(Note 7) 


4 



1.5 



1.5 


/XS 

e n 

Equivalent Input Noise 

R s =iooa 












Voltage 

f=100 Hz 


25 



15 



15 


nV/VHz 



f=1000 Hz 


25 



12 



12 


nV/VRz 

in 

Equivalent Input 

f=100 Hz 


0.01 



0.01 



0.01 


pA/VHz 


Noise Current 

f=1000 Hz 


0.01 



0.01 



0.01 


pA/>/Hz 

C IN 

Input Capacitance 



3 



3 



3 


pF 


DC Electrical Characteristics (Note 3) 


Symbol 

Parameter 

Conditions 

LF155/6/7 

LF255/6/7 

LF355B/6B/7B 

LF355/6/7 

Units 




Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 


Vos 

Input Offset Voltage 

R s = 50n, T a = 25°C 


3 

5 


3 

5 


3 

10 

mV 



Over Temperature 



7 



6.5 



13 

mV 

AVqs/ at 

Average TC of Input 
Offset Voltage 

Rg = 50 ft 


5 



5 



5 


jllV/°C 

ATC/AVqs 

Change in Average TC 

R s = 50a (Note 4) 


0.5 



0.5 



0.5 


jaV/°C 


with Vos Adjust 








per mV 

•os 

Input Offset Current 

Tj = 25°C, (Notes 3, 5) 


3 

20 


3 

20 


3 

50 

PA 



Tj^T H iGH 



20 



1 



2 

nA 

>B 

Input Bias Current 

Tj = 25°C, (Notes 3, 5) 


30 

100 


30 

100 


30 

200 

PA 



Tj^T H |GH 



50 



5 



8 

nA 

Rin 

Input Resistance 

Tj=25°C 


1012 



1012 



1012 


n 

AvOL 

Large Signal Voltage 

V S =±15V,T A = 25°C 

50 

200 


50 

200 


25 

200 


V/mV 


Gain 

Vq= ± 10V, R L = 2k 
Over Temperature 

25 



25 



15 



V/mV 

Vo 

Output Voltage Swing 

V s = ± 1 5V, R l = 10k 

±12 

±13 


±12 

±13 


±12 

±13 


V 



V s = ± 15V, R L =2k 

±10 

±12 


±10 

±12 


±10 

±12 


V 

VcM 

Input Common-Mode 

V S =±15V 

±11 

+ 15.1 


±11 

±15.1 


+ 10 

+ 15.1 


V 


Voltage Range 

-12 


-12 


-12 


V 

CMRR 

Common-Mode Rejec- 
tion Ratio 


85 

100 


85 

100 


80 

100 


dB 

PSRR 

Supply Voltage Rejec- 
tion Ratio 

(Note 6) 

85 

100 


85 

100 


80 

100 


dB 
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DC Electrical Characteristics t a = Tj = 25 c, v s = ±isv 


Parameter 

LF155A/155, 

LF255, 

LF355A/355B 

LF355 

LF156A/156, 

LF256/356B 

LF356A/356 

LF157A/157 

LF257/357B 

LF357A/357 

Units 


Typ 

Max 

Typ 

Max 

Typ 

Max 

Typ 

Max 

Typ 

Max 

Typ 

Max 


Supply Current 

2 

4 

2 

4 

5 

7 

5 

10 

5 

7 

5 

10 

mA 


AC Electrical Characteristics t a = Tj = 25 c, v s = ±isv 





LF155/255/ 

LF156/256, 

LF1 56/256/ 

LF1 57/257, 

LF157/257/ 


Symbol 

Parameter 

Conditions 

355/355B 

LF356B 

356/356B 

LF357B 

357/357B 

Units 




Typ 

Min 

Typ 

Min 

Typ 


SR 

Slew Rate 

LF155/6: A v = 1, 

5 

7.5 

12 



V/jns 



LF157: A v = 5 




30 

50 

V/fis 

GBW 

Gain Bandwidth 

Product 


2.5 


5 


20 

MHz 


Settling Time to 0.01 % 

(Note 7) 

4 


1.5 


1.5 

fxs 

®n 

Equivalent Input Noise 

R s =ioon 






nVA/Hz 


Voltage 

f = 100 Hz 

25 


15 


15 



f=1000 Hz 

20 


12 


12 

nVA/Hz 

in 

Equivalent Input 

f = 100 Hz 

0.01 


0.01 


0.01 

pAA/Rz 


Current Noise 

f=1000 Hz 

0.01 


0.01 


0.01 

pA/>/Hz 

C|N 

Input Capacitance 


3 


3 


3 

PF 


Notes for Electrical Characteristics 

Note 1: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by TjMAX- ^jA> and the ambient temperature, 
T a . The maximum available power dissipation at any temperature is Pd = (TjMAX — T A )/0jA or the 25°C PdMAX. whichever is less. 

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: Unless otherwise stated, these test conditions apply: 



LF155A/6A/7A 

LF155//6/7 

LF255//6/7 

LF355A/6A/7A 

LF355B/6B/7B 

LF355//6/7 

Supply Voltage, Vs 

±15V^V S <±20V 

±15V^V S ^±20V 

±15V^V S ^±18V 

±15V<;Vs±20V 

V S =±15V 

Ta 

-55°C^T A ^ + 125°C 

-25 0 C^T a ^+85°C 

0°C^T a < + 70°C 

o°c<;t a ^ + 70 o c 

o°c^t a <;+70 o c 

Thigh 

+ 1 25°C 

+ 85°C 

+ 70°C 

+ 70°C 

+ 70°C 


and Vqs. 'b and Iqs are measured at Vcm = 0. 


Note 4: The Temperature Coefficient of the adjusted input offset voltage changes only a small amount (0.5jnV/°C typically) for each mV of adjustment from its 
original unadjusted value. Common-mode rejection and open loop voltage gain are also unaffected by offset adjustment. 

Note 5: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pd. Tj=T A + 0jA Pd where 0j A is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 6: Supply Voltage Rejection is measured for both supply magnitudes increasing or decreasing simultaneously, in accordance with common practice. 

Note 7: Settling time is defined here, for a unity gain inverter connection using 2 kfl resistors for the LF155/6. It is the time required for the error voltage (the 
voltage at the inverting input pin on the amplifier) to settle to within 0.01 % of its final value from the time a 10V step input is applied to the inverter. For the LF1 57, 
Ay= -5, the feedback resistor from output to input is 2 kft and the output step is 10V (See Settling Time Test Circuit). 

Note 8: Refer to RETS155AX for LF155A, RETS155X for LF155, RETSF156AX for LF156A, RETS156X for LF156, RETS157A for LF157A and RETS157X for 
LF157 military specifications. 

Note 9: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 
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Typical DC Performance Characteristics 

Curves are for LF155, LF156 and LF157 unless otherwise specified. 



-55 -25 5 35 65 95 125 


I 

5 


Input Bias Current 



-55 -25 5 35 65 95 125 


CASE TEMPERATURE (°C) 


CASE TEMPERATURE (°C) 


Voltage Swing 



0 5 10 15 20 

SUPPLY VOLTAGE (±V) 


Supply Current 



0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


Negative Current Limit 



0 5 10 15 20 25 30 35 

OUTPUT SINK CURRENT (mA) 


> 

0 
z 

1 


Positive Current Limit 



0 5 10 15 20 25 30 35 40 

OUTPUT SOURCE CURRENT (mA) 


Negative Common-Mode 
Input Voltage Limit 



-5 -10 -15 -20 

NEGATIVE SUPPLY VOLTS (V) 


Open Loop Voltage Gain 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Input Bias Current 


I 

Suva 

■ 

■ 

■ 

■ 

■ 

CEB 

■ 

■ 

■ 

■ 

9 


■B 

■ 

■ 

es 

if 

■ 


N 

m 

a 

■ 

■ 

■ 

m 

■§* 

■ 

■HP 


|^P 

9 

| 

32 

% 

s 

K 

m 


si 

■ 

mgGBM 


9 


-10 -50 5 10 


COMMON-MODE VOLTAGE (V) 


Supply Current 



0 5 10 15 20 25 


SUPPLY VOLTAGE (±V) 


Positive Common-Mode 
Input Voltage Limit 



5 10 15 20 

POSITIVE SUPPLY VOLTS (V) 

TL/H/5646-2 


Output Voltage Swing 



0 1.0 10 
OUTPUT LOAD R|_ (kfi) 

TL/H/5646-3 
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Typical AC Performance Characteristics 



-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 



-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 



LF155 Small Signal Pulse 
Response, Av= + 1 



TIME (0.5 ^ts/DIV) 


LF156 Small Signal Pulse 
Response, Av= + 1 



TIME (0.5#is/DIV) 


TL/H/5646-5 


TL/H/5646-6 


LF155 Large Signal Pulse 
Response, Av = + 1 



TIME (1 WOIV) 


LF156 Large Signal Pulse 
Response, Ay = + 1 



TIME (1 ps/DIV) 


TL/H/5646-8 


TL/H/5646-9 


Normalized Slew Rate 

1.8 
1.6 
1.4 
1.2 
1.0 
0.8 
0.6 
0.4 
0.2 
0 

-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 

TL/H/5646-4 



Output Impedance 



Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 

TL/H/5646-12 

Small Signal Pulse 
Response, Av= +5 



TIME (0.1 /a/DIV) 


TL/H/5646-7 


LF157 Large Signal Pulse 
Response, Av = +5 



TIME (0.5 ms/DIV) 


TL/H/5646-10 
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Typical AC Performance Characteristics (Continued) 


Inverter Settling Time 



0 0.5 1.0 5 10 

SETTLING TIME (ps) 


Inverter Settling Time 





J 


"TTTTTT 
/ S = ±15V 
r A *25°C 

1 1 1 111 

• 

0 IT 

M 

V ' 

* 1 mV 

-- H- L 

151 

F151 

> > 

< < 


T 

10 

IT 

mV 

IT L1 

s 1 mV 

'll 




1 


III 


o.i i io 

SETTLING TIME ( M s) 


Open Loop Frequency 
Response 



FREQUENCY (Hz) 


Bode Plot 



1 10 100 
FREQUENCY (MHz) 


Bode Plot 



1 10 100 
FREQUENCY (MHz) 


Bode Plot 



Common-Mode Rejection 
Ratio 



FREQUENCY (Hz) 


Power Supply Rejection Ratio 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Power Supply Rejection Ratio 



100 Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 


Undistorted Output Voltage 
Swing 



10k 100k 1M 10M 

FREQUENCY (Hz) 


Equivalent Input Noise 



FREQUENCY (Hz) 


Equivalent Input Noise 



TL/H/5646-1 1 
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Detailed Schematic 



*C = 3 pF in LF157 series. 

Connection Diagrams (Top Views) 

Metal Can Package (H) 


TL/H/5646-13 


Dual-ln-Line Package (J) 


Dual-In-Line Package (M and N) 



LF155AH, LF156AH, LF157AH, 
LF155H, LF156H, LF157H, 
LF255H, LF256H, LF257H, 
LF355AH, LF356AH, LF357AH, 
LF355BH, LF356BH, LF357BH, 
LF355H, LF356H or LF357H 
See NS Package Number H08C 




LF155J, LF156J, LF157J, 
LF355J, LF356J, LF357J, 
LF355BJ, LF356BJ or LF357BJ 
See NS Package Number J14A 


TL/H/5646-29 

Order Number 
LF355M, LF356M, LF357M, 
LF356BM, LF355BN, LF356BN, 
LF357BN, LF355N, LF356N or 
LF357N 

See NS Package Number 
M08A or N08E 
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Application Hints 

The LF1 55/6/7 series are op amps with JFET input de- 
vices. These JFETs have large reverse breakdown voltages 
from gate to source and drain eliminating the need for 
clamps across the inputs. Therefore large differential input 
voltages can easily be accomodated without a large in- 
crease in input current. The maximum differential input volt- 
age is independent of the supply voltages. However, neither 
of the input voltages should be allowed to exceed the nega- 
tive supply as this will cause large currents to flow which 
can result in a destroyed unit. 

Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. Exceeding the negative 
common-mode limit on both inputs will force the amplifier 
output to a high state. In neither case does a latch occur 
since raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a normal 
operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

These amplifiers will operate with the common-mode input 
voltage equal to the positive supply. In fact, the common- 
mode voltage can exceed the positive supply by approxi- 
mately 100 mV independent of supply voltage and over the 
full operating temperature range. The positive supply can 
therefore be used as a reference on an input as, for exam- 
ple, in a supply current monitor and/or limiter. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in 


polarity or that the unit is not inadvertently installed back- 
wards in a socket as an unlimited current surge through the 
resulting forward diode within the 1C could cause fusing of 
the internal conductors and result in a destroyed unit. 
Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

All of the bias currents in these amplifiers are set by FET 
current sources. The drain currents for the amplifiers are 
therefore essentially independent of supply voltage. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pickup” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to ac ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately six 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 


Typical Circuit Connections 


v OS Adjustment 

V* 



• Vos is adjusted with a 25k potenti- 
ometer 

• The potentiometer wiper is con- 
nected to V+ 

• For potentiometers with tempera- 
ture coefficient of 100 ppm/°C or 
less the additional drift with adjust 
is ~ 0.5 jnV/°C/mV of adjustment 

• Typical overall drift: 5 ju,V/°C ± (0.5 
jmV/°C/mV of adj.) 


Driving Capacitive Loads LF157. A Large Power BW Amplifier 


5k 



"LF155/6 R = 5k 
LF157 R = 1.25k 


10k 



power bandwidth is: 500 kHz. 


Due to a unique output stage design, these am- 
plifiers have the ability to drive large capacitive 
loads and still maintain stability. C|_(max) s 0.01 
F'F. 


Overshoot £ 20% 


Settling time (t s ) = 5 jxs 
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Typical Applications 


Settling Time Test Circuit 


2k, 0.1 % 



• Settling time is tested with the LF155/6 connected 
as unity gain inverter and LF1 57 connected for 
A v = -5 

• FET used to isolate the probe capacitance 

• Output = 10V step 

• A v = -5 for LF157 


TL/H/5646-16 


Large Signal inverter Output, Vqut (from Settling Time Circuit) 



LF355 


TL/H/5646-17 


LF356 


1 WDIV 

TL/H/5646-18 


LF357 


1 ^s/OIV 

TL/H/5646-19 


Low Drift Adjustable Voltage Reference 


2N4118 



• A. V 0 ut/AT= ±0.002%/°C 

• All resistors and potentiometers should be wire-wound 

• PI: drift adjust 

• P2: Vqut adjust 

• Use LF155 for 

■ Low l B 

■ Low drift 

■ Low supply current 
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Typical Applications (Continued) 

Fast Logarithmic Converter 



• Dynamic range: 100 jxA ^ lj £ 1 mA (5 dec- 
ades), |Vol = 1V/decade 

• Transient response: 3 jxs for Alj= 1 decade 

• Cl, C2, R2, R3: added dynamic compensation 

• Vqs adjust the LF1 56 to minimize quiescent error 

• Rj: Tel Labs type Q81 + 0.3%/°C 


RO UT R 4 

|VoutI= 1 + 7 T — In Vj — r — = log Vi— R2= 15.7k, R T = 
RtJ q LV REFRi J Rjl r 


Ik, 0.3%/°C (for temperature compensation) 


Precision Current Monitor 



• V 0 =5 R1/R2 (V/mAof l s ) 

• R1, R2, R3: 0.1% resistors 

• Use LF155 for 

n Common-mode range to supply range 
o Low Ib 
b Low Vos 
■ Low Supply Current 


8-Bit D/A Converter with Symmetrical Offset Binary Operation 



• R1, R2 should be matched within ±0.05% 

• Full-scale response time: 3jns 


E 0 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

Comments 

+ 9.920 

1 

1 

1 

1 

1 

1 

1 

1 

Positive Full-Scale 

+ 0.040 

1 

0 

0 

0 

0 

0 

0 

0 

(+) Zero-Scale 

-0.040 

0 

1 

1 

1 

1 

1 

1 

1 

(-) Zero-Scale 

-9.920 

0 

0 

0 

0 

0 

0 

0 

0 

Negative Full-Scale 
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Typical Applications (Continued) 


Wide BW Low Noise, Low Drift Amplifier 


C2 



• Power BW: f MAX - ~^ r — ^ 240 kHz 

• Parasitic input capacitance Cl = (3 pF for LF155, LF156 and LF157 plus 
any additional layout capacitance) interacts with feedback elements and 
creates undesirable high frequency pole. To compensate add C2 such 
that: R2C2^ R1C1. 

Boosting the LF156 with a Current Amplifier 

R2 

5.1k 



• AVout 0.15 

V/p,s (with C L shown) 


• No additional phase shift added by the current amplifier 


Isolating Large Capacitive Loads 

R2 



• Overshoot 6% TL/H/5646-22 

• t s 10 pS 

• When driving large Cl, the Vout slew rate determined by Cl and 
•OUT(MAX)- 

s v//lis = 0.04 V/jus (with Cl shown) 

AT Cl 0.5 

Low Drift Peak Detector 



• By adding D1 and Rf, V D1 = 0 during hold mode. Leakage of D2 provided 
by feedback path through Rf. 

• Leakage of circuit is essentially I b (LF155, LF156) plus capacitor leakage 
of Cp. 

• Diode D3 clamps Vqijt (A1 ) to V|n-Vd 3 to improve speed and to limit 
reverse bias of D2. 

• Maximum input frequency should be < < y 2 7rRfCD2 where C 02 is the 
shunt capacitance of D2. 


3 Decades VCO 


c 



f = 


V c (R8 + R7) 

(8 Vpu R8R1)C’ 


o^v c <;30V, iOHz<:f<;iokHz 


R1, R4 matched. Linearity 0.1% over 2 decades. 


Non-Inverting Unity Gain Operation for LF157 



Inverting Unity Gain for LF157 


.r 





LF357 

R,| 

s' 

ir\ 



R1C ^ (2tt) (5 MHz) 



Av(DC) = -1 
f_ 3 dE3 ~ 5 MHz 

TL/H/5646-25 
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Typical Applications (Continued) 


High Impedance, Low Drift Instrumentation Amplifier 

+15V 



> VOUT 


R3 2R2 

• Vqut = — -pj- + 1 AV, V - + 2V ^ Vim common-mode ^ V+ 


• System Vqs adjusted via A2 Vos adjust 

• Trim R3 to boost up CMRR to 120 dB. Instrumentation amplifier 
resistor array recommended for best accuracy and lowest drift 


TL/H/5646-26 
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Typical Applications (Continued) 


Fast Sample and Hold 



• Both amplifiers (A1, A2) have feedback loops individually closed with stable responses (overshoot negligible) 

• Acquisition time Ta, estimated by: 

T ^ 2Rqn, Vin, c h j Vz provided that: 

V|n < 2 , 7rS r Ron Qi and Ta > - — — — — — , Ron ' s SW1 
loUT(MAX) 

If inequality not satisfied: Ta = 

20 mA 

• LF156 develops full S r output capability for Vin^IV 

• Addition of SW2 improves accuracy by putting the voltage drop across SW1 inside the feedback loop 

• Overall accuracy of system determined by the accuracy of both amplifiers, A1 and A2 

High Accuracy Sample and Hold 


R1 

51k 



TL/H/5646-27 

• By closing the loop through A2, the Vout accuracy will be determined uniquely by A1 . 

No Vos adjust required for A2. 

• Ta can be estimated by same considerations as previously but, because of the added 
propagation delay in the feedback loop (A2) the overshoot is not negligible. 

• Overall system slower than fast sample and hold 

• R1, Cc: additional compensation 

• Use LF156 for 

■ Fast settling time 

■ Low V 0 s 
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Typical Applications (Continued) 


High Q Band Pass Filter 


Cl 

0.001 pF 1 pF 



• By adding positive feedback (R2) 
Q increases to 40 

• f BP =100 kHz 


^=ioV5 

* IN 

• Clean layout recommended 




300 fxs 


High Q Notch Filter 



• 2R1 = R = 10 Mtt 
2C = Cl = 300 pF 

• Capacitors should be matched to obtain high Q 

• fNOTCH =120 Hz, notch = -55 dB, Q > 
100 

• Use LF155 for 
■ Low l B 

b Low supply current 
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LF351 


National 
Semiconductor 
Corporation 

LF351 Wide Bandwidth JFET 

General Description 

The LF351 is a low cost high speed JFET input operational 
amplifier with an internally trimmed input offset voltage 
(BI-FET I|tm technology). The device requires a low supply 
current and yet maintains a large gain bandwidth product 
and a fast slew rate. In addition, well matched high voltage 
JFET input devices provide very low input bias and offset 
currents. The LF351 is pin compatible with the standard 
LM741 and uses the same offset voltage adjustment circuit- 
ry. This feature allows designers to immediately upgrade the 
overall performance of existing LM741 designs. 

The LF351 may be used in applications such as high speed 
integrators, fast D/A converters, sample-and-hold circuits 
and many other circuits requiring low input offset voltage, 
low input bias current, high input impedance, high slew rate 
and wide bandwidth. The device has low noise and offset 
voltage drift, but for applications where these requirements 
are critical, the LF356 is recommended. If maximum supply 


Input Operational Amplifier 


current is important, however, the LF351 is the better 
choice. 


Features 

■ Internally trimmed offset voltage 10 mV 

■ Low input bias current 50 pA 

■ Low input noise voltage 25 nVA/Hz 

■ Low input noise current 0.01 pA/VRz 

■ Wide gain bandwidth 4 MHz 

■ High slew rate 13 V/jas 

■ Low supply current 1.8 mA 

■ High input impedance 10 12 fl 

■ Low total harmonic distortion Av=10, <0.02% 

R L = 10k, V o = 20 Vp-p, BW= 20 Hz-20 kHz 

■ Low 1 /f noise corner 50 Hz 

■ Fast settling time to 0.01 % 2 jlls 



Typical Connection 


Simplified Schematic 





Connection Diagrams (Top Views) 

Metal Can Package 



NC 



Note. Pin 4 connected to case. 


Order Number LF351H 
See NS Package Number H08C 



Order Number LF351J, tl/h/5648-i 

LF351M or LF351N 

See NS Package Number J08A, M08A or N08E 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage ± 1 8V 

Power Dissipation (Notes 1 and 6) 670 mW 

Operating Temperature Range 0°C to + 70°C 

Tj(MAX) 1 1 5°C 

Differential Input Voltage ± 30V 

Input Voltage Range (Note 2) ±15V 

Output Short Circuit Duration Continuous 

Storage T emperature Range - 65°C to + 1 50°C 

Lead Temp. (Soldering, 10 sec.) 

Metal Can 300°C 

DIP 260°C 

DC Electrical Characteristics (Note 3) 


H Package 

N Package 

0 jA 225°C/W (Still Air) 

1 20°C/W 

1 60°C/W 


(400 LF/min Air Flow) 


0 jC 25°C/W 


oldering Information 


Dual-In-Line Package 


Soldering (10 sec.) 

260°C 

Small Outline Package 


Vapor Phase (60 sec.) 

215°C 

Infrared (15 sec.) 

220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD rating to be determined. 


Symbol 

Parameter 

Conditions 

LF351 

Units 

Min 

Typ 

Max 





Vos 

Input Offset Voltage 

R s = 10kft,T A = 25°C 


5 

10 

mV 



Over Temperature 



13 

mV 

AV 0S /AT 

Average TC of Input Offset 

Voltage 

R s =10kft 


10 


jmV/°C 

■os 

Input Offset Current 

Tj = 25°C, (Notes 3, 4) 


25 

100 

pA 



Tj ^ 70°C 



4 

nA 

•b 

Input Bias Current 

T] = 25°C, (Notes 3, 4) 


50 

200 

pA 



Tj ^ ±70°C 



8 

nA 

Rin 

Input Resistance 

Tj = 25°C 


1012 


ft 

AvOL 

Large Signal Voltage Gain 

V S =±15V, T a =25°C 

V 0 = ± 10V, R L =2 kft 

25 

100 


V/mV 



Over Temperature 

15 



V/mV 

Vo 

Output Voltage Swing 

V S =±15V, R L =10kft 

±12 

±13.5 


V 

VcM 

Input Common-Mode Voltage 
Range 

V s = +15V 

±11 

+ 15 


V 





-12 


V 

CMRR 

Common-Mode Rejection Ratio 

Rs^lOkH 

70 

100 


dB 

PSRR 

Supply Voltage Rejection Ratio 

(Note 5) 

70 

100 


dB 

•s 

Supply Current 



1.8 

3.4 

mA 
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AC Electrical Characteristics (Note 3) 


Symbol 

Parameter 

Conditions 

LF351 

Units 

Min 

Typ 

Max 

SR 

Slew Rate 



13 



GBW 

Gain Bandwidth Product 



4 



e n 

Equivalent Input Noise Voltage 

T a = 25°C, Rs = 100a 
f=1000 Hz 


25 


nV/VHz 

■n 

Equivalent Input Noise Current 

Tj = 25°C, f= 1000 Hz 


0.01 


pAA/Hz 


Note 1: For operating at elevated temperature, the device must be derated based on the thermal resistance, 0 ja- 

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: These specifications apply for Vs= ±15V and 0 °C<STa£ +70°C. Vqs. <b and Iqs are measured at Vcm = 0- 

Note 4: The input bias currents are junction leakage currents which approximately double for every 1 0°C increase in the junction temperature, Tj. Due to the limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pd. Tj = TA+0jA Pd where 0 ja is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 5: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. From 
± 15V to ±5V. 

Note 6: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 
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POSITIVE COMMON-MODE INPUT 

UNITY GAIN BANDWIDTH (MHz) NEGATIVE OUTPUT VOLTAGE SWING (V) VOLTAGE LIMIT (V) INPUT BIAS CURRENT (pA) 




LF351 


Typical Performance Characteristics (Continued) 


Distortion vs Frequency 



Undistorted Output 
Voltage Swing 



10k 100k 1M 

FREQUENCY (H z> 


120 


S 100 



0 


Common-Mode 
Rejection Ratio 



Power Supply 
Rejection Ratio 



10 100 IK 10k 100k 1M 10M 


FREQUENCY (Hi) 



Open Loop Voltage 
Gain (V/V) 



S 10 15 20 

SUPPLY VOLTAGE <±V> 



Open Loop Frequency 
Response 



1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Equivalent Input 
Noise Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Inverter Settling Time 



0.1 1 10 
SETTLING TIMEOis) 

TL/H/5648-3 
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Pulse Response 


Small Signal Inverting 



TIME (0.2 ms/DIV) 


TL/H/5648-4 


Large Signal Inverting 



Small Signal Non-Inverting 



TIME (0.2/;s/DIV) 


Large Signal Non-Inverting 


TL/H/5648-5 



TIME (2 /is/DIV) 


TL/H/5648-6 


TIME (2 jus/DIV) 

TL/H/5648-7 


Current Limit (Rl= 100H) 



TIME (5 ^s/DIV) 


TL/H/5648-8 


Application Hints 

The LF351 is an op amp with an internally trimmed input 
offset voltage and JFET input devices (BI-FET IItm). These 
JFETs have large reverse breakdown voltages from gate to 
source and drain eliminating the need for clamps across the 
inputs. Therefore, large differential input voltages can easily 
be accommodated without a large increase in input current. 
The maximum differential input voltage is independent of 
the supply voltages. However, neither of the input voltages 
should be allowed to exceed the negative supply as this will 


cause large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. 

Exceeding the negative common-mode limit on both inputs 
will force the amplifier output to a high state. In neither case 
does a latch occur since raising the input back within the 


2 
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Application Hints (Continued) 

common-mode range again puts the input stage and thus 
the amplifier in a normal operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifier will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

The LF351 is biased by a zener reference which allows nor- 
mal circuit operation on ±4V power supplies. Supply volt- 
ages less than these may result in lower gain bandwidth and 
slew rate. 

The LF351 will drive a 2 kn load resistance to ±10V over 
the full temperature range of 0°C to + 70°C. If the amplifier 
is forced to drive heavier load currents, however, an in- 
crease in input offset voltage may occur on the negative 
voltage swing and finally reach an active current limit on 
both positive and negative swings. 

Precautions should be taken to ensure that the power supply 
for the integrated circuit never becomes reversed in polarity 
or that the unit is not inadvertently installed back- 


wards in a socket as an unlimited current surge through the 
resulting forward diode within the 1C could cause fusing of 
the internal conductors and result in a destroyed unit. 
Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 


Detailed Schematic 
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Typical Applications 


Supply Current Indicator/Limiter 



Hi-Z|N Inverting Amplifier 


C2 



Parasitic input capacitance Cl = (3 pF for LF351 
plus any additional layout capacitance) interacts 
with feedback elements and creates undesirable 
high frequency pole. To compensate, add C2 such 
that: R2C2 = R1C1. 


Ultra-Low (or High) Duty Cycle 
Pulse Generator 


Long Time Integrator 



4.8 - 2Vs 

* ^OUTPUT HIGH ~ R1C / n 48 _ ^ 

™ „ 2V S - 7.8 

• ^OUTPUT LOW ~ R2C £ n — _ - - 

where V s = V+ + |V"| 

*low leakage capacitor 
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LF353 


National 

Semiconductor 

Corporation 




LF353 Wide Bandwidth Dual 
JFET Input Operational Amplifier 



General Description 

These devices are low cost, high speed, dual JFET input 
operational amplifiers with an internally trimmed input offset 
voltage (BI-FET I|tm technology). They require low supply 
current yet maintain a large gain bandwidth product and fast 
slew rate. In addition, well matched high voltage JFET input 
devices provide very low input bias and offset currents. The 
LF353 is pin compatible with the standard LM1558 allowing 
designers to immediately upgrade the overall performance 
of existing LM1558 and LM358 designs. 

These amplifiers may be used in applications such as high 
speed integrators, fast D/A converters, sample and hold 
circuits and many other circuits requiring low input offset 
voltage, low input bias current, high input impedance, high 
slew rate and wide bandwidth. The devices also exhibit low 
noise and offset voltage drift. 


Features 


■ Internally trimmed offset voltage 

10 mV 

■ Low input bias current 

50pA 

■ Low input noise voltage 

16nV/VRz 

■ Low input noise current 

0.01 pA/VHz 

■ Wide gain bandwidth 

4 MHz 

■ High slew rate 

13 V/ju-S 

■ Low supply current 

3.6 mA 

■ High input impedance 

10l2fl 

■ Low total harmonic distortion Ay =10, 

<0.02% 

RL= 10k, V o = 20Vp-p, BW-20 Hz-20 kHz 

■ Low 1 /f noise corner 

50 Hz 

■ Fast settling time to 0.01 % 

2 fxs 


Typical Connection 


Connection Diagrams 



Simplified Schematic 


Order Number LF353H 
See NS Package Number H08C 


1/2 Dual 



Dual-ln-Line Package (Top View) 



Order Number LF353J, LF353M or LF353N 
See NS Package Number J08A, M08A or N08E 

TL/H/5649-1 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Storage Temperature Range — 65°Cto +150°C 

contact the National Semiconductor Sales Office/ Lead Temp. (Soldering, 10 sec.) 260°C 

Distributors for availability and specifications. 0 , , . . , 

J r Soldering Information 

Supply Voltage ±18V Dual-ln-Line Package 

Power Dissipation (Notel) Soldering (10 sec.) 260°C 

Operating Temperature Range 0°Cto +70°C Small Outline Package 

T-fMAYi i c;n°r Va P or Phase < 60 sec -) 21 5 ° c 

T J (MAX) 1500 Infrared (15 sec.) 220°C 

Differential Input Voltage ±30V 0 Akl ^ x . x 

See AN-450 Surface Mounting Methods and Their Effect 
Input Voltage Range (Note 2) +15V on p roc j uc t Reliability” for other methods of soldering sur- 

Output Short Circuit Duration Continuous face mount devices. 

ESD rating to be determined. 

DC Electrical Characteristics (Note 4) 

Symbol 

Parameter 

Conditions 

LF353 

Units 

Min 

Typ 

Max 

Vos 

Input Offset Voltage 

Rs = 10kn, T a = 25°C 

Over Temperature 


5 

10 

13 

mV 

mV 

AVqs/AT 

Average TC of Input Offset 

Voltage 

R s =10kft 


10 


jllV/°C 

>os 

Input Offset Current 

Tj = 25°C, (Notes 4, 5) 
Tj^70°C 


25 

100 

4 

< < 
Q. C 

>B 

Input Bias Current 

Tj = 25°C, (Notes 4, 5) 
Tj^70°C 


50 

200 

8 

pA 

nA 

Rin 

Input Resistance 

Tj = 25°C 


1012 


ft 

Avol 

Large Signal Voltage Gain 

V s =±15V > T a =25°C 
V 0 = ±10V, R l = 2 kft 
Over Temperature 

25 

15 

100 


V/mV 

V/mV 

Vo 

Output Voltage Swing 

V s = ±15V, R L =10kH 

±12 

±13.5 


V 

VcM 

Input Common-Mode Voltage 
Range 

V S =±15V 

±11 

+ 15 
-12 


V 

V 

CMRR 

Common-Mode Rejection Ratio 

R s ^ 10ka 

70 

100 


dB 

PSRR 

Supply Voltage Rejection Ratio 

(Note 6) 

70 

100 


dB 

Is 

Supply Current 



3.6 

6.5 

mA 

AC Electrical Characteristics (Note 4) 

Symbol 

Parameter 

Conditions 

LF353 

Units 

Min 

Typ 

Max 


Amplifier to Amplifier Coupling 

T a = 25°C, f= 1 Hz-20 kHz 
(Input Referred) 


-120 


dB 

SR 

Slew Rate 

V s = ±15V, T a =25°C 

8.0 

13 


V/jULS 

GBW 

Gain Bandwidth Product 

V s =±15V,T a =25 0 C 

2.7 

4 


MHz 

e n 

Equivalent Input Noise Voltage 

T a = 25°C, R s = ioon, 
f=1000 Hz 


25 


nVA/Hz 

■n 

Equivalent Input Noise Current 

Tj = 25°C, f = 1000 Hz 


0.01 


pA/VHz 

Note 1: For operating at elevated temperatures, the device must be derated based on a thermal resistance of 1 15°C/W typ junction to ambient for the N package, 
and 195°C/W typ junction to ambient for the H package. 

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: The power dissipation limit, however, cannot be exceeded. 

Note 4: These specifications apply for V$= ±15V and 0 °C^Ta^ +70°C. Vqs. Ib and los are measured at Vcm = 0- 

Note 5: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to the limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj = TA + 0jA Pd where 0 jA is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 6: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. 

V s = ±6V to ± 15V. 
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POSITIVE COMMON MODE INPUT 

UNITY GAIN BANDWIDTH (MHz) NEGATIVE OUTPUT VOLTAGE SWING (V) VOLTAGE LIMIT (V) INPUT BIAS CURRENT (pA) 


Typical Performance Characteristics 


Input Bias Current 

— t — i — — — — r 

100 -V S =15V 

— Ta 1 25 C 



-10 -5 0 5 

COMMON MODE VOLTAGE (V) 


Input Bias Current 


0 10 20 30 40 50 60 70 

TEMPERATURE ( C) 


Supply Current 



0 5 10 15 20 

SUPPLY VOLTAGE (+V) 


Positive Common-Mode Input Negative Common-Mode Input 


Voltage Limit 


0 ( 

"<T> 

1 

< +70C 




/ 







7 







7 







7 







7 







7 























5 10 15 20 

POSITIVE SUPPLY VOLTAGE (V) 


Voltage Limit 


i — 1 — 
Q j c<Ta 

< + 

0 c 



















7 







7 







7 







2 






j 

7 

r 






□ 

f 







5 10 15 20 

NEGATIVE SUPPLY VOLTAGE (V) 


Positive Current Limit 


_ rn r 

70 C I R l o c 


10 20 30 

OUTPUT SOURCE CURRENT (mA) 


Negative Current Limit 


-*j-25°C 
70 C O' C 


10 20 30 40 

OUTPUT SINK CURRENT (mA) 


Voltage Swing 



5 10 15 20 

SUPPLY VOLTAGE UV) 


Output Voltage Swing 


R l - OUTPUT LOAD (kS2) 


Gain Bandwidth 



10 20 30 40 50 60 70 

TEMPERATURE (°C) 



FREQUENCY (MHz) 


0 10 Z0 30 40 50 60 70 

TEMPERATURE ("0 




Typical Performance Characteristics (Continued) 


Distortion vs Frequency 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Undistorted Output Voltage 
Swing 



10k 100k INI 

FREQUENCY (Hz) 


Open Loop Frequency 
Response 



1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Common-Mode Rejection 
Ratio 



Power Supply Rejection 
Ratio 



10 100 IK 10k 100k 1M 10M 


Equivalent Input Noise 



FREQUENCY (Hz) 


FREQUENCY (Hz) 


Open Loop Voltage Gain (V/V) 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Output Impedance 



100 Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 


Inverter Settling Time 



0.1 1 10 
SETTLING TIME lm) 

TL/H/5649-3 
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Pulse Response 


Small Signaling Inverting 



TIME (0.2/is/DIV) 


TL/H/5649-4 


Small Signal Non-Inverting 



TIME (0.2/zs/DIV) 


TL/H/5649-5 


Large Signal Inverting 



TIME (2 /is/DIV) 


TL/H/5649-6 


Large Signal Non-Inverting 


> 

5 

> 

in 


CD 



LU 

CD 


O 

> 


3 

O 


TIME (2 jus/DIV) 

TL/H/5649-7 



Current Limit (Rl = lOOfl) 



TIME (5 ms/DIV) 


TL/H/5649-8 


Application Hints 

These devices are op amps with an internally trimmed input 
offset voltage and JFET input devices (BI-FET II). These 
JFETs have large reverse breakdown voltages from gate to 
source and drain eliminating the need for clamps across the 
inputs. Therefore, large differential input voltages can easily 
be accommodated without a large increase in input current. 
The maximum differential input voltage is independent of 
the supply voltages. However, neither of the input voltages 
should be allowed to exceed the negative supply as this will 
cause large currents to flow which can result in a destroyed 
unit. 


Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. Exceeding the negative 
common-mode limit on both inputs will force the amplifier 
output to a high state. In neither case does a latch occur 
since raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a normal 
operating mode. 


2-50 



Application Hints (Continued) 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifiers will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

Each amplifier is individually biased by a zener reference 
which allows normal circuit operation on ±6V power sup- 
plies. Supply voltages less than these may result in lower 
gain bandwidth and slew rate. 

The amplifiers will drive a 2 kfi load resistance to ±10V 
over the full temperature range of 0°C to + 70°C. If the am- 
plifier is forced to drive heavier load currents, however, an 
increase in input offset voltage may occur on the negative 
voltage swing and finally reach an active current limit on 
both positive and negative swings. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 
in a socket as an unlimited current surge through the result- 


ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 


Detailed Schematic 
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Typical Applications (Continued) 


Improved CMRR Instrumentation Amplifier 

v s 



I I 

-v S -V S ' 

SEPARATE 



fj-j and db are separate isolated grounds 
Matching of R2's, R4's and R5's control CMRR 
With A\/j = 1400, resistor matching = 0.01%: CMRR = 136 dB 

o Very high input impedance 
o Super high CMRR 

Fourth Order Low Pass Butterworth Filter 


c 



• Passband gain (Hq) = (1 + R4/R3) (1 + R47R3') 

• First stage Q = 1 .31 

• Second stage Q = 0.541 

• Circuit shown uses nearest 5% tolerance resistor values for a filter with a corner frequency of 100 Hz and a passband gain of 100 

• Offset nulling necessary for accurate DC performance 

TL/H/5649-1 1 
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Typical Applications (Continued) 

Fourth Order High Pass Butterworth Filter 


R1 



• Passband gain (H 0 = (1 +R4/R3) (1 +R47R3') 

• First stage Q = 1 .31 

• Second stage Q = 0.541 

• Circuit shown uses closest 5% tolerance resistor values tor a filter with a corner frequency of 1 kHz and a passband gain of 10. 


Ohms to Volts Converter 



Where Rladder is the resistance from switch SI pole to pin 7 of the LF353. 


TL/H/5649-13 
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National 

Semiconductor 

Corporation 


PRELIMINARY 


LF400C Fast Settling JFET Input 
Operational Amplifier 



General Description 

The LF400C is a fast settling (under 400 ns to 0.01 % for a 
10V output step) BI-FET operational amplifier. It also fea- 
tures 16 MHz bandwidth, 70 V/jms inverting slew rate and 
adjustable short circuit current limit, enabling it to drive 
600a loads easily. 


Applications 

■ DAC output amplifiers 

■ High speed ramp generators 

■ Fast buffers 

■ Sample-and-holds 

■ Fast integrators 

■ Piezoelectric transducer signal conditioners 


Typical Connection 



*See Figure 2 for Power Supply Bypassing. 


TL/H/8393-1 


Connection Diagram 

RAW OUTPUT 



Note: Pin 4 connected to case. 

Order Number LF400ACH, LF400CH 
See NS Package Number H08A 


Simplified Schematic 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage 
Differential Input Voltage 
Input Voltage Range (Note 3) 

Output Short Circuit Duration (Pin 6) 
Power Dissipation (Note 4) H Package 
Junction Temperature (Tjmax) 
Storage Temperature 


+ 18V 
±32V 
± 16V 
CONTINUOUS 
500 mW 
1 15°C 

— 65°C to + 1 50°C 


Lead T emperature (Soldering, 1 0 sec.) + 300°C 

ESD Susceptibility (Note 9) 800V 


Operating Ratings (Notes 1 & 2) 

Temperature Range Tmin^Ta^Tmax 


LF400ACH, LF400CH 
Positive Supply Voltage 
Negative Supply Voltage 


0°C <;T a ^+ 70°C 
+ 10V to + 16V 
-10V to -16V 


AC Electrical Characteristics 

The following specifications apply for V+ = +15V and V~ = -15V unless otherwise specified. Tested Limits in Boldface 
apply for Tj = 25°C to 95°C. Design Limits in Boldface apply for Ta = Tmin to t max; other Design Limits are for Ta = 
25°C; all other limits for Tj = 25°C. 





LF400ACH 

LF400CH 


Symbol 

Parameter 

Conditions 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

ts 

Maximum Settling Time 
to 0.01 % 

See Figure /, Cl ^ 50 pF 

365 



365 



ns 


to 0.10% 

See Figure 1 , Cl ^ 50 pF 

200 



200 



ns 

GBW 

Minimum Gain 

Bandwidth Product 

A v = +1, C L = 10 pF 
f = 100 kHz 

16 

14 


16 

14 


MHz 

SR 

Minimum Slew Rate 

Ay — + 1 , Cl —10 pF 


27 



27 


V/jms 



A v = -1,C L = 10 pF 

70 



70 



V/jas 

<!> 

Minimum Phase Margin 

Ayoi = + 1, Cl = 1 0 pF 

60 



60 



Degrees 

e n 

Input Noise Voltage 

f = 1 kHz, Rs = 100ft 

23 



23 



nV/VHz 



Broadband, Rs = 100ft 

10 Hz to 10 kHz 

2.3 



2.3 



jutV rms 

*n 

Input Noise Current 

f = 1 kHz 

0.01 



0.01 



pAA/Hz 



Broadband 

1 0 Hz to 1 0 kHz 

2.0 



2.0 



pA rms 

THD 

Total Harmonic 

f = 1 kHz, A v = -1, 

0.002 



0.002 



% 


Distortion 

R l = 10k 





CIN 

Input Capacitance 

Differential 

7 



7 



PF 


DC Electrical Characteristics 

The following specifications apply for V+ = + 15V and V - — —15V unless otherwise specified. Tested Limits in Boldface 
apply for Tj = 25°C to 95°C. Design Limits in Boldface apply for Ta = T^n to T MAXi other Design Limits are for Ta = 
25°C; all other limits for Tj = 25°C. 


Symbol 

Parameter 

Conditions 

LF400ACH 

LF400CH 

Units 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Vos 

Maximum Input Offset Voltage 

V C M = 0V, 
R s = o, 

R L = oo 

ii n 
-vi ro 

9 9 

O O 


±0.5 

+ 2.0 



±3.0 

±5.0 


mV 

mV 

Iqs 

Maximum Input Offset Current 

Vcm = 0V, (Note 5) 


±100 

±400 

± 2.5 


±100 

±400 

± 2.5 

pA 

nA 
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DC Electrical Characteristics (Continued) 


The following specifications apply for V+ = +15V and V~ = -15V unless otherwise specified. Tested Limits in Boldface 
apply for Tj = 25°C to 95°C. Design Limits in Boldface apply for = Tmin to Tmax‘> other Design Limits are for Ta = 
25°C; all other limits for Tj = 25°C. 





i 

LF400ACH 

LF400CH 


Symbol 

Parameter 

Conditions 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

•b 

Maximum Input Bias Current 

VcM = 0V, (Note 5) 


200 



200 


pA 









26 



26 

nA 

r in 

Input Resistance 

Tj = 25°C 

ion 



10" 



ft 

VcM 

Input Common-Mode Voltage 
Range 


+ 14/ — 12 

±11 


+ 14/ — 12 

±11 


V 

AvOL 

Minimum Large 

Using Pin 6 

V 0 = ±10V, R l =2 Kft 

300 

100 


300 

100 


V/mV 


Signal Voltage 
Gain 

Using Pin 8 

V o =±10V, 

R L = 600ft 

300 

100 


300 

100 


V/m V 

Vo 

Minimum Output 

Using Pin 6 

R l = 2 Kft 

±12.5 

±12 


±12.5 

±12 


V 


Voltage Swing 

Using Pin 8 

R\_ = 600ft 

±12 

±11 


±12 

±11 


V 

!SC 

Output 

MIN Using Pin 6 



15 



15 


mA 


Short Circuit 

MAX Using Pin 6 



45 



45 


mA 


Current 

MIN Using Pin 8 

Pulse Test 


100 



100 


mA 

Ro 

Output 

Using Pin 6 

Open Loop, DC 

75 



75 



ft 


Resistance 

Using Pin 8 

Open Loop, DC 

50 



50 



ft 

CMRR 

Minimum DC Common Mode 
Rejection Ratio 

-11V<IV| N <; + 11V 

100 

90 


100 

80 


dB 

PSRR 

Minimum DC Power Supply 

+ 10V^V+< + 15V, 









Rejection Ratio 


-15V ^ V- < -10V, 

V C M = 0V 

100 

90 

1 


100 

80 


dB 

is 

Maximum Supply Current 

V 0 = 0V, R L = oo 

9 

12 


9 

12 


mA 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are with respect to ground. 

Note 3: Unless otherwise specified, the Absolute Maximum Negative Input Voltage is equal to the negative power supply voltage. 

Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. ©ja. and the ambient temperature T^. The maximum 
allowable power dissipation at any temperature is Pq = (Tjmax -T ) / ©ja or 500 mW, whichever is less. 0ja for the LF400H is typically 150°C/W. 

Note 5: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature Tj. Due to limited 
production test time, input bias currents are measured at Tj = 25°C. In normal operation the junction temperature rises above the ambient temperature as a result of 
internal power dissipation Pd. Use of a heat sink is recommended when input bias current must be minimized. 

Note 6: Typicals represent the most likely parametric norm. 

Note 7: Guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 9: Human body model, 100 pF discharged through a 1500ft resistor. 
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Typical Performance Characteristics (Continued) 


Output Voltage Swing 



5 10 15 20 

± POWER SUPPLY VOLTAGE (V) 


DC Gain vs Supply Voltage 

^ 350 K 

i 300 K 
z 

o 250 K 

| 200 K 

! 150K 
o 

| 100K 
o 50 K 

o 

° 0 

5 10 15 20 

± POWER SUPPLY VOLTAGE (V) 


















t a 

= 25 

>C 



1 


























_ 




0 10 20 30 40 50 60 70 

JUNCTION TEMPERATURE (°C) 


Power Supply Current vs 



0 25 5 75 10 125 15 175 20 


± POWER SUPPLY VOLTAGE (V) TL/H/8393-5 


Settling Time— Positive Output Swing 



TIME (100 ns/OlV) 


Bode Plot 


TL/H/8393-6 



TL/H/8393-8 


Settling Time — Negative Output Swing 



TIME (100 ns/DIV) 

TL/H/8393-7 

Step Response 



TIME (100 ns/DIV) 


TL/H/8393-9 
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Typical Performance Characteristics (Continued) 


Step Response 



TIME (100 ns/DIV) 


TL/H/8393-10 


Voltage Transfer Characteristic 



-200 -150 -100 -50 0 50 100 150 200 

V|N (mV) 


TL/H/8393-1 1 


Voltage Transfer Characteristic 


V S - ± 15V 


Rt — 

1 


; ^Tcase* +135*C 


f Tcase - ■+ 


* Tcase ^ ~ 55 ‘ c 

1 




-200 -150 -100 -50 0 50 100 150 200 


20 

15 

10 

5 

0 

-5 

-10 

-15 

-20 


V s - ±15V 
Rl * 60011 


if;', j 


•ii— -T C#SE = +40»C 
fi ,■* Tcase -ss-c 


-200 -150 -100 -50 0 50 100 150 200 


V(N (mV) 


Vin (mV) 


TL/H/8393-1 2 


TL/H/8393-1 3 
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Typical Performance Characteristics (Continued) 


200 

150 

100 

50 

0 

50 

100 

-150 

-200 



INPUT COMMON-MODE VOLTAGE (V) INPUT COMMON-MODE VOLTAGE (V) 

I L/ri/oo93— 14 

TL/H/8393-15 


Application Hints 

The LF400 is a high-speed, low input bias current Bi-FET 
operational amplifier capable of settling to 0.01% of a 10V 
output swing in less than 400 ns. The rugged JFET inputs 
allow differential input voltages as high as 32V without a 
large increase in input current. However, the inputs should 
never be driven to voltages lower than the negative supply, 
as this can result in input currents large enough to damage 
the device. To prevent this from occurring when power is 
first applied, always turn the positive and negative power 
supplies on simultaneously, or turn the negative supply on 
first. 

Exceeding the common-mode input range will not damage 
the device as long as the Absolute Maximum Ratings are 
not violated, but it will result in a high output voltage. Latch- 
ing will not occur, however, and when the offending signal is 
removed the LF400 will recover quickly. 

The nominal power supply voltage is ±15V, but the LF400 
will operate satisfactorily from ± 1 0V to ±1 6V. The LF400 is 
functional down to ±5V, but performance will be degraded. 
(See Typical Performance curves.) 

Settling Time Considerations 

The settling performance of any high-speed operational am- 
plifier is highly dependent on the external components and 
circuit board layout. Capacitance between the amplifier 
summing junction and ground affects the closed-loop trans- 
fer function and should be minimized. The compensation 
capacitor Cq between the output and the inverting input 
should be carefully chosen to counteract the effect of the 


input capacitance. Since input capacitance is made up of 
several stray capacitances that are difficult to predict, the 
compensation capacitor will generally have to be deter- 
mined empirically for best settling time. A good starting 
point is around 10 pF for Av = — 1. 

Settling time may be verified using a circuit similar to the 
one in Figure 1. The LF400 is connected for inverting opera- 
tion, and the output voltage is summed with the input volt- 
age step. When the LF400’s output voltage is equal to the 
input voltage, the voltage on the gate of Q1 will be zero. Any 
voltage appearing at this point will represent an error. The 
FET source follower output is observed on an oscilloscope, 
and the settling time is equal to the time required for the 
error signal displayed on the oscilloscope to decay to less 
than one-half the necessary accuracy (see oscilloscope 
photos of “Settling Time — Positive Output Swing” and “Set- 
tling Time — Negative Output Swing”). For a 10V input sig- 
nal, settling time to 0.01 % (1 mV) will occur when the dis- 
played error is less than y 2 mV. Since settling time is strong- 
ly dependent on slew rate, settling will be faster for smaller 
signal swings. The LF400’s inverting slew rate is faster than 
its non-inverting slew rate, so settling will be faster for in- 
verting applications, as well. 

It is important to note that the oscilloscope input amplifier 
will be overdriven during a settling time measurement, so 
the oscilloscope must be capable of recovering from over- 
drive very quickly. Very few oscilloscopes are suitable for 
this sort of measurement. The signal generator used for set- 
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Application Hints (Continued) 



FIGURE 1. Simplified Settling Time Test Circuit (see Text) 


*C L <; 49 pF 


TL/H/8393-16 


tling time testing must be able to drive 50ft with a very clean 
±5V square wave. For more information on measuring set- 
tling time, see Application Note AN-428. 

Output Compensation 

When operating at very low temperatures, a compensation 
network should be added to the LF400’s output. The 100ft/ 
22 pF network shown on the first page of this data sheet 
should be used when the junction temperature might reach 
25°C (roughly 0°C ambient when the LF400 is “warmed 
up”). In applications where the device will be operating with 
a junction temperature near 0°C, the output RLC network in 
Figure 1 should be used. This network will provide a small 
(about 20 ns) improvement in settling time at higher temper- 
atures, as well. 

Supply Bypassing 

Power supply bypassing is extremely important for good 
high-speed performance. Ideally, multiple bypass capacitors 
as in Figure 2 should be used. A 10 juF tantalum, a 2.2 julF 
ceramic, and a 0.47 ju,F ceramic work well. All bypass ca- 
pacitor leads should be very short. For best results, the 
ground leads of the capacitors should be separated to re- 
duce the inductance to ground. A ground plane layout ap- 
proach will give the best results. For simplicity, bypass ca- 
pacitors have been omitted from some of the schematics in 
this data sheet, but they should always be used. 



TL/H/8393-17 

FIGURE 2. Power Supply Bypassing (see Text) 


Output Drive and Current Limit 

The LF400 can drive heavier resistive loads than most oper- 
ational amplifiers. The output at pin 6 is internally current- 
limited when the voltage drop across the 25ft output resis- 
tor reaches about 0.55V (Iout = 22 mA). When more out- 
put current is needed, pin 8 provides a means of increasing 
the maximum output current up to about 100 mA. A resistor 
may be connected from pin 8 to pin 6, paralleling the inter- 
nal sense resistor and increasing the current limit threshold 
{Figure 3). Pins 6 and 8 may be shorted together to com- 
pletely bypass the current limiting circuit. To avoid damaging 
the LF400, observe the power dissipation limitations men- 
tioned in the Absolute Maximum Ratings and in Note 4. 
The effective load impedance (including feedback resist- 
ance) should be kept above 500ft for fastest settling. Load 
capacitance should also be minimized if good settling time 
is to be optimized. Large feedback resistors will make the 
circuit more susceptible to stray capacitance, so in high- 
speed applications keep the feedback resistors in the 1 kft 
to 2 kft range wherever practical. Avoid the use of inductive 
feedback resistors (some wirewounds for example) as these 
will degrade settling time. 


_ 0.55V 
Limit ~ R x //25ft 

TL/H/8393-18 

FIGURE 3. Increasing the current limit using pin 8. 
Current limit is now determined by Rx in parallel with 
the internal 25ft sense resistor. 

V os Adjustment 

Offset voltage can be nulled using a 27k resistor and a 1 0k 
potentiometer connected to pins 1 and 5 as shown in Figure 
4a. Bypassing the V os adjust pins with 0.1 jmF capacitors will 
help to avoid noise pickup. When not used for offset adjust- 
ment, pins 1 and 5 can often be left open, but to minimize 
the possibility of noise pickup the unused V os trim pins 
should be connected to ground or V - . 
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Application Hints (Continued) 




In very critical applications where a manual adjustment is 
impractical, the LMC669 Auto Zero circuit may be used to 
reduce the effective input offset voltage to around 5 juV as 
in Figure 4b. The LF400 will perform better than slower am- 
plifiers in an auto zero loop, because its fast settling capabil- 
ity keeps its summing node voltage more stable. Therefore, 
the LMC669 is able to more accurately sample the summing 
node voltage before making an offset correction. 

Input Bias Current 

The JFET input stage of the LF400 ensures low input bias 
current (200 pA maximum) when the die is at room tempera- 
ture, but this current approximately doubles for every 10°C 
increase in temperature. In applications that demand the 
lowest possible input bias current, a heat sink should be 
used with the LF400. “Press on” heat sinks from manufac- 
turers such as Thermalloy and AAVID can reduce junction 
temperature by roughly 10°C to 40°C. 

Typical Applications 


High-Speed DAC with Voltage Output 



TL/H/8393-20 

FIGURE 4b. Automatic Offset Adjustment Using 
LMC669 
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National 

Semiconductor 

Corporation 


PRELIMINARY 


LF401 Precision Fast Settling JFET 
Input Operational Amplifier 



General Description 

The LF401A is a fast settling (guaranteed under 400 ns to 
0.01% for a 10V output step) BI-FET operational amplifier. 
The input offset voltage of the LF401A is guaranteed less 
than 200 juV maximum at 25°C. The LF401 also features 16 
MHz bandwidth, 70 V/jis inverting slew rate and adjustable 
short circuit current limit, enabling it to drive 600fl loads 
easily. 


Applications 

■ DAC output amplifiers 

■ Fast buffers 

■ High speed ramp generators 

■ Sample-and-holds 

■ Fast integrators 

■ Piezoelectric transducer signal conditioners 


Typical Connection 



*See Figure 2 for Power Supply Bypassing. 


Connection Diagram 

DuaMn-Line Package 



See NS Package Number D14E 


Simplified Schematic 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (V+ - V - ) ±18V 

Differential Input Voltage ± 32V 

Input Voltage Range (Note 3) ± 1 6V 

Output Short Circuit Duration (Pin 1 2) CONTINUOUS 

Power Dissipation (Note 4) D package 500 mW 

Junction Temperature (Tjmax) 1 1 5°C 

Storage Temperature -65°C to + 1 50°C 

Lead Temperature (Soldering, 1 0 sec.) + 300°C 

ESD Susceptibility (Note 1 0) 500V 


Operating Ratings (Notes 1 & 2) 


Temperature Range 
LF401ACD, LF401CD 
Positive Supply Voltage 
Negative Supply Voltage 
Total Supply Voltage (V+ - 


Tmin ^ T a ^ T M ax 
0°C £ T a ^ +70°C 
+ 10V to + 16V 
-10V to -16V 
-) 20V to 32V 


AC Electrical Characteristics 

The following specifications apply for V+ = +15V and V~ = —15V unless otherwise specified. Tested Limits in Boldface 
apply for Tj = 25°C to 95°C. Design Limits in Boldface apply for T A = Tmin t0 t max'» other Design Limits are for T A = 
25°C; all other limits for Tj = 25°C. 





LF401ACD 

LF401CD 


Symbol 

Parameter 

Conditions 

Typical 

Tested 

Limit 

Design 

Limit 

Typical 

Tested 

Limit 

Design 

Limit 

Unit 




(Note 6) 

(Note 7) 

(Note 8) 

(Note 6) 

(Note 7) 

(Note 8) 



Maximum Settling Time to 0.01 % 

See Figure 1, Cl ^ 50 pF 

335 

400 


335 

500 


ns 


to 0.10% 

See Figure 1, Cl ^ 50 pF 

200 



200 



ns 

GBW 

Minimum Gain Bandwidth Product 

A v = + 1,C L = 10 pF, 
f= 100 kHz 

16 

14 


16 

14 


MHz 

SR 

Minimum Slew Rate 

A v = + 1, C L = 10 pF 


27 



27 


V/jULS 



A v = -1, C L = 10 pF 

70 



70 



V/jus 

EBB 

Minimum Phase Margin 

A V ol = + 1 , Cl = 1 0 pF 

60 



60 



• 

e n 

Input Noise Voltage 

f = 1 KHz, Rs = 100ft 

23 



23 



nVA/Rz 



Broadband, Rs = 100ft, 
10 Hz to 10 kHz 

2.3 



2.3 



jaV rms 

■n 

Input Noise Current 

f = 1 kHz 

0.01 



0.01 



pA/Vflz 



Broadband 

10 Hz to 10 kHz 

2.0 



2.0 



pA rms 

THD 

Total Harmonic Distortion (Max) 

f = 1 kHz, Av = -1, 

R l = 10k 

0.002 



0.002 



% 

CIN 

Input Capacitance 

Differential 

7 



7 



PF 
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LF401 


DC Electrical Characteristics 

The following specifications apply for V+ = + 15V and V~ = -15V unless otherwise specified. Tested Limits in Boldface 
apply for Tj = 25°C to 95°C. Design Limits in Boldface apply for T A = Tmin to t max; other Design Limits are for Ta = 
25°C; all other limits for Tj = 25°C. 







LF401ACD 

LF401CD 


Symbol 

1 

Parameter 

Conditions 

Typical 


Design 

Limit 

Typical 


Design 

Limit 







(Note 6) 

(Note 7) 

(Note 8) 

(Note 6) 

(Note 7)| 

(Note 8) 


Vos 

Maximum Input Offset Voltage 

Vcm = ov, 

T a = 25°C 


wm 




ii 

fxV 


(Note 9) 


Rs = 0, 

R L = oo 

T a = 70°C 


■ 

1 



1 

nV 

•os 

Maximum Input Offset Current 

Vcm = 0V, (Note 5) 



±400 


±100 

±400 

pA 











±2.5 



±2.5 

nA 

•b 

Maximum Input Bias Current 

Vcm = 0V, (Note 5) 


200 

mm 


200 


pA 






I 



■ 



26 

nA 

Rin 

Input Resistance 

Tj = 25°C 







ft 

Vcm 

Input Common-Mode Voltage 



+ 14/ — 12 

±11 


4- 14/ — 12 



V 


Range 











Avol 

Minimum Large 

Using Pin 12 

V 0 = ±10V, R l = 2 k n 

300 

100 


300 

100 


V/mV 


Signal Voltage 

Using Pin 14 

V 0 = ±10V,R L = 60011 

300 

100 


300 

100 


V/mV 


Gain 













V 0 

Minimum Output 







±12.5 

±12 


V 


Voltage Swing 







±12 

±11 


V 

•sc 

Output 

MIN Using Pin 12 







15 


mA 


Short Circuit 

MAX Using Pin 1 2 







45 


mA 


Current 

MIN Using Pin 14 

Pulse Test 






100 


mA 

R° 

Output 

Using Pin 12 

Open Loop, DC 

75 

mam 





ft 


Resistance 

Using Pin 14 

Open Loop, DC 

50 






ft 

CMRR 

Minimum DC Common Mode 

-11V <; V| N <; + 11V 

100 

90 


100 

80 

■ 

dB 


[Rejection Ratio 









Ppil 


PSRR 

Minimum DC Power Supply 

+ 10V ^ V+ < + 15V, 

100 





■ 



Rejection Ratio 


-15V ^ V- 
Vcm = 0V 

< -10V, 








•s 

Maximum Supply Current 

V 0 = 0V, R l 

= oo 

9 

12 


9 

12 


mA 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are with respect to ground. 

Note 3: Unless otherwise specified, the Absolute Maximum Negative Input Voltage is equal to the negative power supply voltage. 

Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. 0ja> and the ambient temperature Ta- The maximum 
allowable power dissipation at any temperature is Pp = (Tjmax — Ta)/0ja or 500 mW, whichever is less. 0 ja for the LF401D is typically 87°C/W. 

Note 5: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature Tj. Due to limited 
production test time, input bias currents are measured at Tj = 25°C. In normal operation the junction temperature rises above the ambient temperature as a result 
of internal power dissipation Pp. Use of a heat sink is recommended when input bias current must be minimized. 

Note 6: Typicals represent the most likely parametric norm. 

Note 7: Guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 9: Tested and correlated to a 10 minute warm up period. 

Note 10: Human body model, 100 pF discharged through a 1500fl resistor. 
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COMMON-MODE REJECTION RATIO (dB) TOTAL HARMONIC DISTORTION (%) SLEW RATE (V//xs) OUTPUT VOLTAGE SWING FROM OV (V) 


Typical Performance Characteristics 


Inverter Settling Time 



ur 2 10 “ 

SETTLING TIME (/i$) 


|T A =25°C| 
40 Nr - = ± 1 5v 



io ' 1 10' 

FREQUENCY (MHz) 


Gain Bandwidth 
) vs. Temperature 

I I I Vs=±15V 



0 10 20 30 40 50 60 70 

JUNCTION TEMPERATURE (°C) 


Slew Rate vs. Temperature 



1 Vs 

= ± 15V 



A 

y=-1 





























A 

v =+1 



















0 10 20 30 40 50 60 70 

AMBIENT TEMPERATURE (°C) 


Undistorted Output 
Voltage Swing 


Vc=±15V 

V 25 ° c B i m i 

Ri = 1 0 kH AT PIN 12 


10 2 io 3 10 4 IO 5 10 6 
FREQUENCY (Hz) 


Undistorted Output 
Voltage Swing 


mm 

R L = 600X1 AT PIN 14 


10 2 10 3 10 4 10 5 
FREQUENCY (Hz) 


Distortion vs. Frequency 


R.=10kfl AT PIN 12, 


Distortion vs. Frequency 

EE::: 

T ^out = 2 ^rms 1 1 
i l ..Ini- i 1 1.1 lim -i 1 111111 

^5:: R, =600X1 AT PIN 14=/'!: 


HR L =10kXl AT PIN 12m 


Equivalent Input 
Noise Voltage 



io 1 io 2 10 3 10 4 10 5 

FREQUENCY (Hz) 


10 f 10 2 10 3 10 4 10 5 
FREQUENCY (Hz) 


AC Common-Mode 
Rejection 


10 3 10 4 10 5 10 6 
FREQUENCY (Hz) 


AC Power Supply Rejection 



io 1 io 2 10 3 10 4 10 5 10 6 

FREQUENCY (Hz) 


Common-Mode Input 
Voltage Range 





r A =25^ 

c 















r 



5 

— 


^Tco'm 

INPU 

MON MODE 

T VOLTAGE 

-5 




-COM 

V^INPU 

MON MODE 

T VOLTAGE 








-20 







-25 










5 10 15 20 

± SUPPLY VOLTAGE (V) 



LF401 


Typical Performance Characteristics (Continued) 


Output Voltage Swing 
vs. Supply Voltage 



5 10 15 20 


± POWER SUPPLY VOLTAGE (V) 


DC Gain vs. 



5 10 15 20 

± POWER SUPPLY VOLTAGE (V) 


Power Supply Current vs. 
Power Supply Voltage 






























_ t a: 

0°C 









— 


’v 

= 

70°< 


^A 

= 25* 

’C- 


jt 








fl 







JJL 








0 25 5 75 10 125 15 175 20 
± POWER SUPPLY VOLTAGE (V) 


Input Bias Current 



0 10 20 30 40 50 60 70 

JUNCTION TEMPERATURE (°C) 


TL/H/8839-5 


Settling Time — Positive Output Swing 


TIME (100 ns/DIV) 


Settling Time — Negative Output Swing 



TIME (100 ns/DIV) 


TL/H/8839-6 


TL/H/8839-7 



Bode Plot 



4/R HAG. 0,0 

m dB/mv 

o&za/r ph& se»+ ez 

45 bes/div y/ 

Vs - ±15V 

'll. 



Step Response 



TIME (100 ns/DIV) 


TL/H/8839-9 


TL/H/8839-8 
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V| N (fiV) TL/H/8839-' 

oltage Transfer Characteristic 


TIME (100 ns/Dlv) TL/H/8839-22 


oltage Transfer Characteristic 


Typical Performance Characteristics (Continued) 

Step Response 


Voltage Transfer Characteristic 


V|n(/iV) TL/H/8839- 11 

Voltage Transfer Characteristic 


V|N(f*V) TL/H/8839-12 

Common Mode Voltage Transfer Characteristic 


+ B5*C 


TL/H/8839-13 


COMMON MODE VOLTAGE (V) 


TL/H/8839-14 









LF401 


Typical Performance 
Characteristics (Continued) 


Common Mode Voltage 
Transfer Characteristic 



COMMON MODE VOLTAGE (V) 

TL/H/8839-15 

Application Hints 

The LF401 is a high-speed, low offset, low input bias current 
Bi-FET operational amplifier capable of settling to 0.01 % of 
a 10V output swing in less than 400 ns. Input offset voltage 
at room temperature is less than 200 jaV for LF401A. The 
rugged JFET inputs allow differential input voltages as high 
as 32V without a large increase in input current. However, 
the inputs should never be driven to voltages lower than the 
negative supply, as this can result in input currents large 
enough to damage the device. To prevent this from occur- 
ring when power is first applied, always turn the positive and 
negative power supplies on simultaneously, or turn the neg- 
ative supply on first. 

Exceeding the positive common-mode input range will not 
damage the device as long as the Absolute Maximum rat- 
ings are not violated, but if both inputs exceed the positive 
common-mode range the output voltage will go high. Latch- 
ing will not occur, however, and when the offending signal is 
removed the LF401 will recover quickly. 

The nominal power supply voltage is ±15V, but the LF401 
will operate satisfactorily from ± 10V to ± 16V. The LF401 is 
functional down to ±5V, but performance will be degraded 
at low supply voltages. (See Typical Performance curves.) 

SETTLING TIME CONSIDERATIONS 

The settling performance of any fast operational amplifier is 
highly dependent on the external components and circuit 
board layout. Capacitance between the amplifier summing 
junction and ground affects the closed-loop transfer func- 
tion and should be minimized. The compensation capacitor 
C c between the output and the inverting input should be 
carefully chosen to counteract the effect of the input capaci- 
tance. Since input capacitance is made up of several stray 


capacitances that are difficult to predict, the compensation 
capacitor will generally have to be determined empirically 
for best settling time. A good starting point is around 10 pF 
for A v = - 1 . 

Settling time may be verified using a circuit similar to the 
one in Figure 1. The LF401 is connected for inverting opera- 
tion, and the output voltage is summed with the input volt- 
age step. When the LF401’s output voltage is equal to the 
input voltage, the voltage on the gate of Q1 will be zero. Any 
voltage appearing at this point will represent an error. The 
FET source follower output is observed on an oscilloscope, 
and the settling time is equal to the time required for the 
error signal displayed on the oscilloscope to decay to less 
than one-half the necessary accuracy (see oscilloscope 
photos of “Settling Time — Positive Output Swing” and 
“Settling Time — Negative Output Swing”). For a 10V input 
signal, settling time to 0.01% (1 mV) will occur when the 
displayed error is less than 1/2 mV. Since settling time is 
strongly dependent on slew rate, settling will be faster for 
smaller signal swings. The LF401’s inverting slew rate is 
faster than its non-inverting slew rate, so settling will be 
faster for inverting applications, as well. 

It is important to note that the oscilloscope input amplifier 
will be overdriven during a settling time measurement, so 
the oscilloscope must be capable of recovering from over- 
drive very quickly. Very few oscilloscopes are suitable for 
this sort of measurement. The signal generator used for set- 
tling time testing must be able to drive 50ft with a very clean 
±5V square wave. For more information on measuring set- 
tling time, see Application Note AN-428. 

OUTPUT COMPENSATION 

When operating at very low temperatures, a compensation 
network should be connected to the LF401’s “raw” output 
pin. The 100ft/22 pF network shown on the first page of 
this data sheet should be connected to pin 14 in applica- 
tions where the junction temperature might go as low as 
25°C (roughly 0°C ambient when the LF401 is “warmed 
up”). In applications where the device will be operating with 
a junction temperature down to 0°C, the output RLC net- 
work in Figure 1 should be used. This network will provide a 
small (about 20 ns) improvement in settling time at higher 
temperatures, as well. 


*C L £ 49 pF 

7pF 



TL/H/8839-16 

FIGURE 1. Simplified Settling 
Time Test Circuit (See Text) 
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Application Hints (Continued) 



FIGURE 2. Power Supply Bypassing (See Text) 
SUPPLY BYPASSING 

Power supply bypassing is extremely important for good 
high-speed performance. Ideally, multiple bypass capacitors 
as in Figure 2 should be used. A 10 jaF tanatalum, a 2.2 juF 
ceramic, and a 0.47 juF ceramic work well. All bypass ca- 
pacitor leads should be very short. For best results, the 
ground leads of the capacitors should be separated to re- 
duce the inductance to ground. A ground plane layout ap- 
proach will give the best results. For simplicity, bypass ca- 
pacitors have been omitted from some of the schematics in 
this data sheet, but they should always be used. 

Pins 5 through 1 0 are used to trim the LF401 ’s input offset 
voltage during the manufacturing process. Always leave 
pins 7 through 10 open, as signals applied to these pins will 
affect the amplifier output and can permanently degrade 
V os . For fastest settling time to 0.01 %, pins 5 and 6 should 
be bypassed to pin 4 with 0.1 /xF capacitors; otherwise, the 
LF401 may take an additional 600 ns to settle. The bypass 
capacitors should be low-leakage film types; otherwise the 
offset voltage can be increased. Settling time to 0.1% will 
be unaffected by bypassing these pins, so they may be left 
unconnected in applications requiring less precision. 

OUTPUT DRIVE AND CURRENT LIMIT 

The LF401 can drive heavier resistive loads than most oper- 
ational amplifiers. The output at pin 12 is internally current- 
limited when the voltage drop across the 25(1 output resis- 
tor reaches about 0.55V (l out = 22 mA). When more output 
current is needed, pin 14 provides a means of increasing 
the maximum output current up to about 1 00 mA. A resistor 
may be connected from pin 12 to pin 14, paralleling the 


internal sense resistor and increasing the current limit 
threshold {Figure 3). Pins 12 and 14 may be shorted togeth- 
er to completely bypass the current limiting circuit. To avoid 
damaging the LF401 , observe the power dissipation limita- 
tions mentioned in the Absolute Maximum Ratings and in 
Note 4. 



TL/H/8839-18 

FIGURE 3. Increasing the current limit using pin 14. 

Current limit is now determined by Rx in parallel with 
the internal 25(1 sense resistor. 

The effective load impedance (including feedback resist- 
ance) should be kept above 500(1 for fastest settling. Load 
capacitance should also be minimized if good settling time 
is to be optimized. Large feedback resistors will make the 
circuit more susceptible to stray capacitance, so in high- 
speed applications keep the feedback resistors in the 1 k to 
2 k(l range wherever practical. Avoid the use of inductive 
feedback resistors (some wirewounds for example) as these 
will degrade settling time. 

V os ADJUSTMENT 

Offset voltage can be nulled using a 27k resistor and a 10k 
potentiometer connected to pins 1 and 1 1 as shown in Fig- 
ure 4a. Bypassing the V os adjust pins with 0.1 jaF capacitors 
will help to avoid noise pickup. When not used for offset 
adjustment, pins 1 and 11 can often be left open, but to 
minimize the possibility of noise pickup the unused V os trim 
pins should be connected to ground or V - . 

In very critical applications where a manual adjustment is 
impractical, the LMC669 Auto Zero circuit may be used to 
reduce the effective input offset voltage to around 5 jaV as 
in Figure 4b. The LF401 will perform better than slower am- 
plifiers in an auto zero loop, because its fast settling capabil- 
ity keeps its summing node voltage more stable. Therefore, 
the LMC669 is able to more accurately sample the summing 
node voltage before making an offset correction. 

INPUT BIAS CURRENT 

The JFET input stage of the LF401 ensures low input bias 
current (200 pA maximum) when the die is at room tempera- 
ture, but this current approximately doubles for every 10°C 
increase in temperature. In applications that demand the 
lowest possible input bias current, a heat sink should be 
used with the LF401. “Slide on” heat sinks such as the 
AAVID 5602B can reduce the junction temperature by about 
10°C. 
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Application Hints (Continued) 


v + 

I 27 kli 



V" 


TL/H/8839-19 

FIGURE 4a. V os Adjust Circuit 



TL/H/8839-20 

FIGURE 4b. Automatic Offset Adjustment Using LMC669 

Typical Applications 

High-Speed DAC with Voltage Output 
(See Figure 2 for Recommended Bypass Components) 



TL/H/8839-21 
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National 

Semiconductor 

Corporation 


LF411A/LF411 Low Offset, Low Drift 
JFET Input Operational Amplifier 



General Description 

These devices are low cost, high speed, JFET input opera- 
tional amplifiers with very low input offset voltage and guar- 
anteed input offset voltage drift. They require low supply 
current yet maintain a large gain bandwidth product and fast 
slew rate. In addition, well matched high voltage JFET input 
devices provide very low input bias and offset currents. The 
LF41 1 is pin compatible with the standard LM741 allowing 
designers to immediately upgrade the overall performance 
of existing designs. 

These amplifiers may be used in applications such as high 
speed integrators, fast D/A converters, sample and hold 
circuits and many other circuits requiring low input offset 
voltage and drift, low input bias current, high input imped- 
ance, high slew rate and wide bandwidth. 


Features 


□ Internally trimmed offset voltage 

0.5 mV(max) 

□ Input offset voltage drift 

10 ju,V/°C(max) 

□ Low input bias current 

50 pA 

□ Low input noise current 

0.01 pAA/Hz 

□ Wide gain bandwidth 

3 MHz(min) 

0 High slew rate 

10V/fis(min) 

m Low supply current 

1.8 mA 

□ High input impedance 

10i2n 

□ Low total harmonic distortion Ay =10, 

<0.02% 

R L =10k, V o = 20 Vp-p, BW = 20 Hz- 

20 kHz 

□ Low 1 /f noise corner 

50 Hz 

□ Fast settling time to 0.01 % 

2 jULS 


Typical Connection Ordering Information Connection Diagrams 


"f 



TL/H/5655-1 

Simplified Schematic 


LF411XYZ 

X indicates electrical grade 
Y indicates temperature range 
“M” for military 
“C” for commercial 
Z indicates package type 
“H” or “N” 



TL/H/5655-6 


Metal Can Package 

NC 



TL/H/5655-5 

Top View 

Note: Pin 4 connected to case. 

Order Number LF411AMH, 
LF411MH, LF411ACH or LF411CH 
See NS Package Number H08B 


Dual-In-Line Package 



Order Number 
LF411ACN or LF411CN 
See NS Package Number N08E 
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LF411A/LF411 


Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, 


H Package 

N Package 

contact the National 

Semiconductor 

Sales Office/ 

Power Dissipation 



Distributors for availability and specifications. 

(Notes 2 and 9) 

670 mW 

670 mW 

(Note 8) 



Tjmax 

150°C 

115°C 


LF411A 

LF411 

0jA 

225°C/W (Still Air) 

1 20°C/W 

Supply Voltage 

±22V 

± 18V 


1 60°C/W (400 LF/min 


Differential Input Voltage 

±38V 

±30V 


Air Flow) 


Input Voltage Range 



0jC 

25°C/W 


(Note 1) 

± 19V 

±15V 

Operating Temp. 



Output Short Circuit 



Range 

(Note 3) 

(Note 3) 

Duration 

Continuous 

Continuous 

Storage Temp. 




Range -65 “C^T a <; 150 o C -65 °C<;Ta^ 150 o C 

Lead Temp. 

(Soldering, 10 sec.) 260°C 260°C 


ESD rating to be determined. 

DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

LF411A 

LF411 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input Offset Voltage 

R s = 10kn > T A =25°C 


0.3 

0.5 


0.8 

2.0 

mV 

AVqs/AT 

Average TC of Input 
Offset Voltage 

R s =10kft (Note 5) 


7 

10 


7 

20 

(Note 5) 

fxvrc 

>OS 

Input Offset Current 

V s = ± 1 5 V 
(Notes 4, 6) 

Tj = 25°C 


25 

100 


25 

100 

pA 

Tj = 70°C 



2 



2 

nA 

Tj=125°C 



25 



25 

nA 

>B 

Input Bias Current 

V S =±15V 
(Notes 4, 6) 

Tj = 25°C 


50 

200 


50 

200 

pA 

T]=70°C 



4 



4 

nA 

Tj= 125°C 



50 



50 

nA 

Rin 

Input Resistance 

Tj = 25°C 


1012 



1012 


n 

a vol 

Large Signal Voltage 
Gain 

V S =±15V, V 0 = ± 10V, 

R|_=2k, T a =25°C 

50 

200 


25 

200 


V/mV 

Over Temperature 

25 

200 


15 

200 


V/mV 

Vo 

Output Voltage Swing 

V S =±15V, R L =10k 

±12 

±13.5 


±12 

±13.5 


V 

Vcm 

Input Common-Mode 
Voltage Range 


±16 

+ 19.5 


±11 

+ 14.5 


V 


-16.5 



-11.5 


V 

CMRR 

Common-Mode 
Rejection Ratio 

R s ^10k 

80 

100 


70 

100 


dB 

PSRR 

Supply Voltage 
Rejection Ratio 

(Note 7) 

80 

100 


70 

100 


dB 

Is 

Supply Current 



1.8 

2.8 


1.8 

3.4 

mA 


AC Electrical Characteristics (Note 4) 



2-74 













Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 2: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 0jA. 

Note 3: These devices are available in both the commercial temperature range 0 <, C^Ta^ 70°C and the military temperature range -55 °C^Ta^ 125°C. The 
temperature range is designated by the position just before the package type in the device number. A “C” indicates the commercial temperature range and an “M” 
indicates the military temperature range. The military temperature range is available in “H” package only. 

Note 4: Unless otherwise specified, the specifications apply over the full temperature range and for Vs= ±20V for the LF41 1 A and for Vs= ± 15V for the LF41 1. 
Vos. !b. a nd tos are measured at Vqm = 0. 

Note 5: The LF41 1A is 100% tested to this specification. The LF41 1 is sample tested to insure at least 90% of the units meet this specification. 

Note 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj=TA+0jA Pd where 0jA is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice, from 
± 1 5V to ± 5V for the LF41 1 and from ± 20V to ± 5V for the LF41 1 A. 

Note 8: Refer to RETS 411 AX for LF411AMH military specifications and to RETS 41 IX for LF411MH military specifications. 

Note 9: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 


Typical Performance Characteristics 
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POSITIVE SUPPLY 
VOLTAGE (V) 
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Negative Current Limit 
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LF41 1 A/LF41 1 


Typical Performance Characteristics (Continued) 


Si 

ii 


Gain Bandwidth 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



Distortion vs Frequency 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 


Undistorted Output 


Voltage Swing 




Common-Mode Rejection 
Ratio 



FREQUENCY (Hz) 


Power Supply 



FREQUENCY (Hz) 


70 


CO 



Ui 


60 

50 

40 

30 

20 

10 


0 


Open Loop Voltage Gain 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Output Impedance 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 



-10 


Slew Rate 


V S = ±15V 
Rl = 2k 
A v = 1 


FALLING 



50 -25 0 25 50 75 100 125 


TEMPERATURE ( D C) 


Open Loop Frequency 
Response 



1 10 100 Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 


Equivalent Input Noise 
Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Inverter Settling Time 



0 1 1 10 


SETTLING TIME (^s) 

TL/H/5655-3 
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Pulse Response R L =2kn,c L io P F 


Small Signal Inverting 



TIME (0.2 /iS/DIV) 


Large Signal Inverting 



TIME (2 /xS/DIV) 


Small Signal Non-Inverting 



TIME (0.2/ts/DIV) 


Large Signal Non-Inverting 



TIME(2/tS/DIV) 


Current Limit (Rl= 100ft) 



TL/H/5655-4 


Application Hints 

The LF41 1 series of internally trimmed JFET input op amps 
(BI-FET IITM) provide very low input offset voltage and guar- 
anteed input offset voltage drift. These JFETs have large 
reverse breakdown voltages from gate to source and drain 
eliminating the need for clamps across the inputs. There- 
fore, large differential input voltages can easily be accom- 
modated without a large increase in input current. The maxi- 
mum differential input voltage is independent of the supply 
voltages. However, neither of the input voltages should be 
allowed to exceed the negative supply as this will cause 
large currents to flow which can result in a destroyed unit. 


Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. Exceeding the negative 
common-mode limit on both inputs will force the amplifier 
output to a high state. In neither case does a latch occur 
since raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a normal 
operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier may be 
forced to a high state. 



2-77 


LF411A/LF411 



LF41 1 A/LF41 1 


Application Hints (Continued) 

The amplifier will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

The LF41 1 is biased by a zener reference which allows nor- 
mal circuit operation on +4.5V power supplies. Supply volt- 
ages less than these may result in lower gain bandwidth and 
slew rate. 

The LF411 will drive a 2 kH load resistance to ±10V over 
the full temperature range. If the amplifier is forced to drive 
heavier load currents, however, an increase in input offset 
voltage may occur on the negative voltage swing and finally 
reach an active current limit on both positive and negative 
swings. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 
in a socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Typical Applications 

Ultra High Speed 


Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency, a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 

Current Booster 


Ik 
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Typical Applications (Continued) 


10-Bit Linear DAC with No Vqs Adjust 

MSB LSB 

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 



f— — + — — H 

\ 2 4 


VOUT = ~ V REF 


-10V ^ V REF £ 10V 
1023 

0^ VquT^ -^V REF 


A10 \ 
1024/ 


where An = 1 if the An digital input is high 
An = 0 if the An digital input is low 


Single Supply Analog Switch with Buffered Output 
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National 

Semiconductor 

Corporation 


LF412A/LF412 Low Offset, Low Drift 
Dual JFET Input Operational Amplifier 



General Description 

These devices are low cost, high speed, JFET input opera- 
tional amplifiers with very low input offset voltage and guar- 
anteed input offset voltage drift. They require low supply 
current yet maintain a large gain bandwidth product and fast 
slew rate. In addition, well matched high voltage JFET input 
devices provide very low input bias and offset currents. 
LF412 dual is pin compatible with the LM1558, allowing de- 
signers to immediately upgrade the overall performance of 
existing designs. 

These amplifiers may be used in applications such as high 
speed integrators, fast D/A converters, sample and hold 
circuits and many other circuits requiring low input offset 
voltage and drift, low input bias current, high input imped- 
ance, high slew rate and wide bandwidth. 


Features 


Internally trimmed offset voltage 

1 mV (max) 

Input offset voltage drift 

1 0 jLtV/°C (max) 

Low input bias current 

50 pA 

Low input noise current 

0.01 pAA/iHz 

Wide gain bandwidth 

3 MHz (min) 

High slew rate 

IOV/jlls (min) 

Low supply current 

1.8 mA/Amplifier 

High input impedance 

10i2n 

Low total harmonic distortion Ay=10, 

£0.02% 

R L = 10k, V o = 20 Vp-p, BW = 20 Hz-20 kHz 

Low 1 /f noise corner 

50 Hz 

Fast settling time to 0.01 % 

2 juts 


Typical Connection 


Ordering Information Connection Diagrams 


R f 



Simplified Schematic 


LF412XYZ 

X indicates electrical grade 
Y indicates temperature range 
“M” for military 
“C” for commercial 
Z indicates package type 
“H” or “N” 


Metal Can Package 


v + 



Note. Pin 4 connected to case. 
TOP VIEW 



Order Number LF412AMH, 
LF412MH, LF412ACH or LF412CH 
See NS Package Number H08B 

Dual-In-Line Package 



v + 

OUTPUT B 

INVERTING INPUT B 

NON-INVERTING 
INPUT B 


TOP VIEW 


TL/H/5656-1 


Order Number LF412ACJ, LF412CJ, 
LF412ACN or LF412CN 
See NS Package Number J08A or N08E 
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Absolute Maximum Ratings 

If Military /Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for 
availability and specifications. 

(Note 9) 


Supply Voltage 
Differential Input Voltage 
Input voltage Range 
(Note 1) 

Output Short Circuit 
Duration (Note 2) 


LF412A 

±22V 

±38V 

±19V 

Continuous 


± 15V 
Continuous 


DC Electrical Characteristics (Notes) 


Power Dissipation (Note 10) 

Tj max 
0 jA (Typical) 

Operating Temp. Range 
Storage Temp. — 

Range 
Lead Temp. 

(Soldering, 10 sec.) 

ESD rating to be determined. 


H Package 

(Note 3) 
150°C 
195°C/W 
(Note 4) 


N Package 

670 mW 
1 15°C 
115°C/W 
(Note 4) 


- 65°C ^ T A ^ 1 50°C - 65°C ^ T A ^ 1 50°C 


Symbol 

Parameter 

v OS 

Input Offset Voltage 

AVqs/AT 

Average TC of Input 
Offset Voltage 

>os 

Input Offset Current 


Input Bias Current 


Conditions 

R s = 10kft,T A = 25°C 
Rs = 10 kft (Note 6) 

V s = ± 15V 
(Notes 5 and 7) 


V s = ±15V 
(Notes 5 and 7) 


Input Resistance Tj = 25°C 

Large Signal Voltage Vs = ± 1 5V, Vq = ± 1 0 
Gain Rl_ = 2k, T A = 25°C 

Over Temperature 

Output Voltage Swing Vs = ± 1 5V, R l = 1 0k 

Input Common-Mode 
Voltage Range 



LF412A 

LF412 



Min 

Typ 

Max 

Min 

Typ 

Max 

Units 



0.5 

1.0 


1.0 

3.0 

mV 



7 

10 


7 

20 

(Note 6) 

juV/°C 

= 25°C 


25 

100 


25 

100 

pA 

= 70°C 



2 



2 

nA 

= 125°C 



25 



25 

nA 

= 25°C 


50 

200 


50 

200 

pA 

= 70°C 



4 



4 

nA 

= 125°C 



50 



50 

nA 



1012 



1012 


ft 


50 

200 


25 

200 


V/mV 


25 

200 


15 

200 


V/mV 


±16 +19.5 

-16.5 


±12 ±13.5 

±11 +14.5 


Common-Mode 
Rejection Ratio 

Supply Voltage 
Rejection Ratio 

Supply Current 


R s ^10k 
(Note 8) 

V 0 = 0V, R L = °° 


AC Electrical Characteristics (Notes) 

Symbol Parameter Conditions 


Parameter 

Conditions 

| LF412A | 

| LF412 j 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Amplifier to Amplifier 
Coupling 

T a = 25°C, f= 1 Hz-20 kHz 
(Input Referred) 


-120 



-120 


dB 

Slew Rate 

V s = ± 1 5V, T A = 25°C 

10 

15 


8 

15 


V/juS 

Gain-Bandwidth Product 

V s = ± 1 5V, T a = 25°C 

3 

4 


2.7 

4 


MHz 

Equivalent Input Noise 
Voltage 

T a = 25°C, R s = 100ft, 
f=1 kHz 


25 



25 


nV/VHz 

Equivalent Input Noise 
Current 

T a = 25°C, f= 1 kHz 


0.01 



0.01 


pA/VHz 
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Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 2: Any of the amplifier outputs can be shorted to ground indefintely, however, more than one should not be simultaneously shorted as the maximum junction 
temperature will be exceeded. 

Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 6 j/v 

Note 4: These devices are available in both the commercial temperature range 0 °C^Ta^ 70°C and the military temperature range -55 °C^Ta^ 125°C. The 
temperature range is designated by the position just before the package type in the device number. A “C” indicates the commercial temperature range and an “M” 
indicates the military temperature range. The military temperature range is available in “H” package only. In all cases the maximum operating temperature is limited 
by internal junction temperature Tj max. 

Note 5: Unless otherwise specified, the specifications apply over the full temperature range and for Vs= ±20V for the LF412A and for Vs= ±15V for the LF412. 
Vos. 'b. and 'os are measured at Vcm = 0- 

Note 6: The LF412A is 100% tested to this specification. The LF412 is sample tested on a per amplifier basis to insure at least 85% of the amplifiers meet this 
specification. 

Note 7: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj=TA+0jA Pd where 0jA is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 8: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. 

V s = ±6Vto ±15V. 

Note 9: Refer to RETS412AX for LF412AMH military specifications and to RETS412X for LF412MH military specifications. 

Note 10: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 

Typical Performance Characteristics 


Input Bias Current 


V S = ±15V 






Ta = 

25° 

C 
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-50 -25 0 25 50 75 100 125 

TEMPERATURE <°C) 


Supply Current 
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0 5 10 15 20 25 

SUPPLY VOLTAGE (±V> 


Positive Common-Mode 



0 5 10 15 20 25 


Negative Common-Mode 
Input Voltage Limit 



0 -5 -10 -15 -20 -25 



0 10 20 30 40 


POSITIVE SUPPLY 
VOLTAGE (V) 


NEGATIVE SUPPLY OUTPUT SOURCE CURRENT (mA) 

VOLTAGE (V) 


Negative Current Limit 



0 10 20 30 40 

OUTPUT SINK CURRENT (mA) 


Output Voltage Swing 



0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 



CD 




Output Voltage Swing 



0.1 1 10 
Rl-OUTPUT LOAD (kfi) 

TL/H/5656-2 
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OPEN LOOP VOLTAGE COMMON-MODE UNITY GAIN 

GAIN (V/V) REJECTION RATIO (dB) DISTORTION! 0 /.) BANDWIDTH (MHz) 


Typical Performance Characteristics (Continued) 


Gain Bandwidth 






V S =±15V 

R L =2k 

\ 

\ 



Ci 

= 100 pF 

1 


\ 









"s 
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TEMPERATURE (°C) 
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V s = ±15 

R L = 2k i Qo 

Cl = 100 pF 


S ? 16 

-50 m 5 

~ “ 14 ■■ 

-100 Vs=±15V 

1UU 12 R L = 2k - 


1 10 
FREQUENCY (MHz) 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Distortion vs Frequency 
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Open Loop Frequency 
Response 
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Common-Mode Rejection 
Ratio 

V S =±15V 

R L = 2k 

T a = 25°C 
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_K OPEN LOOP 
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- GAIN 
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Power Supply Rejection 
Ratio 





Vs = 
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±15V 
25° C 

v 
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Y 
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Equivalent Input Noise 
Voltage 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 



10 100 Ik 10k 1001 
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Open Loop Voltage Gain 

-55°C < T A < 125 °c E EE =E 


Output Impedance 


Inverter Settling Time 
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SETTLING TIME (^s) 



TL/H/5656-3 




LF412A/LF412 


Pulse Response R L = 2 ku, c l =io p f 

Small Signal inverting 


CD 



UJ > 
11 



IME (0.2 /xs/DIV) 




Large Signal Inverting 


TIME (2 /iS/DIV) 


Small Signal Non-Inverting 



TIME (0.2 ^s/DIV) 


Large Signal Non-Inverting 



TIME (2 jjS/DIV) 



Current Limit (Rl= 100ft) 


TIME (5 /XS/DIV) 


TL/H/5656-4 


Application Hints 

The LF412 series of JFET input dual op amps are internally 
trimmed (BI-FET IItm) providing very low input offset volt- 
ages and guaranteed input offset voltage drift. These JFETs 
have large reverse breakdown voltages from gate to source 
and drain eliminating the need for clamps across the inputs. 
Therefore, large differential input voltages can easily be ac- 
commodated without a large increase in input current. The 
maximum differential input voltage is independent of the 
supply voltages. However, neither of the input voltages 
should be allowed to exceed the negative supply as this will 
cause large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit on either input 
will cause a reversal of the phase to the output and force 
the amplifier output to the corresponding high or low state. 


Exceeding the negative common-mode limit on both inputs 
will force the amplifier output to a high state. In neither case 
does a latch occur since raising the input back within the 
common-mode range again puts the input stage and thus 
the amplifier in a normal operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output, however, if both 
inputs exceed the limit, the output of the amplifier may be 
forced to a high state. 

The amplifiers will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 
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Application Hints (Continued) 

Each amplifier is individually biased by a zener reference 
which allows normal circuit operation on ±6.0V power sup- 
plies. Supply voltages less than these may result in lower 
gain bandwidth and slew rate. 

The amplifiers will drive a 2 kfl load resistance to ±10V 
over the full temperature range. If the amplifier is forced to 
drive heavier load currents, however, an increase in input 
offset voltage may occur on the negative voltage swing and 
finally reach an active current limit on both positive and neg- 
ative swings. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 
in a socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 


As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 
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National 

Semiconductor 

Corporation 


LF441 A/LF441 Low Power JFET 
Input Operational Amplifier 



General Description 

The LF441 A/441 low power operational amplifier provides 
many of the same AC characteristics as the industry stan- 
dard LM741 while greatly improving the DC characteristics 
of the LM741 . The amplifier has the same bandwidth, slew 
rate, and gain (10 ka load) as the LM741 and only draws 
one tenth the supply current of the LM741. In addition, the 
well matched high voltage JFET input devices of the 
LF441 A/441 reduce the input bias and offset currents by a 
factor of 10,000 over the LM741. A combination of careful 
layout design and internal trimming guarantees very low in- 
put offset voltage and voltage drift. The LF441 A/441 also 
has a very low equivalent input noise voltage for a low pow- 
er amplifier. 

The LF441 A/441 is pin compatible with the LM741, allowing 
an immediate 10 times reduction in power drain in many 
applications. The LF441 A/441 should be used where low 


power dissipation and good electrical characteristics are the 
major considerations. 

Features 

■ 1/10 supply current of a LM741 

■ Low input bias current 

■ Low input offset voltage 

■ Low input offset voltage drift 

■ High gain bandwidth 

■ High slew rate 

■ Low noise voltage for low power 

■ Low input noise current 

■ High input impedance 

■ High gain Vq = +10V, Rl = 10k 


200 jllA (max) 
50 pA (max) 
0.5 mV (max) 
1 0 /xV/°C (max) 
1 MHz 
1 V/jas 
35 nV/'/Hz 
0.01 pA/i/Hz 
1012a 

50k (min) 


Typical Connection 

r i 



Ordering Information 

LF441XYZ 

X indicates electrical grade 
Y indicates temperature range 
“M” for military, 

“C” for commercial 
Z indicates package type 
“H” or “N” 


Connection Diagrams 

Metal Can Package 

NC 



Top View 

Note: Pin 4 connected to case. 

Order Number LF441AMH or LF441CH 
See NS Package Number H08B 


Dual-ln-Line Package 



Order Number LF441ACN, LF441CJ, 
LF441CM or LF441CN 

See NS Package Number J08A, M08A or N08E 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

LF441A LF441 

Supply Voltage ±22 V ±18V 

Differential Input Voltage ±38V ±30V 


Input Voltage Range 
(Note 1) 

Output Short Circuit 
Duration 


LF441A 

± 19V 
Continuous 


Power Dissipation 
(Notes 2 and 9) 

Tj max 
0 jA (Typical) 

Board Mount in still air 
Board Mount in 400 LF/ 
min air flow 

«JC 

Operating Temp. Range 
Storage Temp. Range 
Lead Temperature 
(Soldering, 10 seconds) 

0jC 

Soldering Information 
Dual-In-Line Package 
Soldering (10 sec.) 

Small Outline Package 
Vapor Phase (60 sec.) 
Infrared (1 5 sec.) 


H Package 

670 mW 


225°C/W 

90°C/W 

25°C/W 
(Note 3) 

-65°C <: T a ^ 1 50°C 
300°C 


J Package 


N Package 

670 mW 

1 15°C 
130°C/W 


(Note 3) 

-65°C £ T a ^ 150°C 
260°C 


LF441 

± 15V 
Continuous 

M Package 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD rating to be determined. 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

LF441A 

LF441 

Units 





Min 

Typ 

Max 

Min 

Typ 

Max 


Vos 

Input Offset Voltage 

Rs =io kn, t a 

= 25°C 


0.3 

0.5 


1 

5 

mV 



Over Temperature 






7.5 

mV 

AV 0S /AT 

Average TC of Input 
Offset Voltage 

R s = 10 kH (Note 5) 


7 

10 


10 


juV/°C 

■os 

Input Offset Current 

V s = ± 15V 

Tj = 25°C 


5 

25 


5 

50 

PA 



(Notes 4 and 6) 

Tj = 70°C 



1.5 



1.5 

nA 




Tj = 125°C 



10 




nA 

•b 

Input Bias Current 

V s = ± 15V 

Tj = 25°C 


10 

50 


10 

100 

pA 



(Notes 4 and 6) 

Tj = 70°C 



3 



3 

nA 




Tj = 125°C 



20 




nA 


Input Resistance Tj = 25°C 

Large Signal Voltage V s = ± 1 5V, V 0 = ±1 0V, 

Gain R|_ = 10 k£l, T A = 25°C 

Over Temperature 

Output Voltage Swing Vs = ±15V, Rl = 10 kCl 

Input Common-Mode 
Voltage Range 

Common-Mode Rs ^ 10 kfl 

Rejection Ratio 


50 

100 


25 

100 


V/mV 

25 



15 



V/mV 

±12 

±13 


±12 

±13 


V 

±16 

+ 18, 

-17 

±11 

+ 14, 

-12 

V 

80 

100 


70 

95 


dB 



DC Electrical Characteristics (Note 4) (continued) 


Symbol 

Parameter 

Conditions 

LF441A 

LF441 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

PSRR 

Supply Voltage 
Rejection Ratio 

(Note 7) 

80 

100 


70 

90 


dB 

Is 

Supply Current 



150 

200 


150 

250 

jaA 


AC El 

lectrical Characteristics (Note 4) 

Symbol 

Parameter 

Conditions 

LF441A 

LF441 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

SR 

Slew Rate 

V s = ± 1 5V, T a = 25° C 

0.8 

1 


0.6 

1 


V/jus 

GBW 

Gain-Bandwidth Product 

V s = ± 15V, T a = 25°C 

0.8 

1 


0.6 

1 


MHz 

e n 

Equivalent Input Noise Voltage 

t a = 25°c, r s = ioon, 

f = 1 kHz 


35 



35 


nVA/Hz 

'n 

Equivalent Input Noise Current 

T a = 25°C, f = 1 kHz 


0.01 



0.01 


pAA/Hz 


Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 
Note 2: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 0jA- 


Note 3: The LF441A is available in both the commercial temperature range 0°C £ Ta ^ 70°C and the military temperature range -55°C ^ Ta s: 125°C. The 
LF441 A/441 is available in the commercial temperature range only. The temperature range is designated by the position just before the package type in the device 
number. A “C” indicates the commercial temperature range and an “M” indicates the military temperature range. The military temperature range is available in “H” 
package only. 

Note 4: Unless otherwise specified the specifications apply over the full temperature range and for Vs = ± 20V for the LF441 A and for Vs = ± 1 5V for the LF441 . 
Vos* 'b* and I os are measured at Vqm = 0. 

Note 5: The LF441A is 100% tested to this specification. 

Note 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj = Ta + 0jA p D where 0ja is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. From 
± 15V to ±5V for the LF441 and from + 20V to +5V for the LF441A. 

Note 8: Refer to RETS441AX for LF441AMH military specifications. 

Note 9: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 

Typical Performance Characteristics 
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TL/H/9297-5 
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Typical Performance Characteristics (Continued) 


Negative Current Limit 
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Typical Performance Characteristics (Continued) 


Open Loop Voltage Gain 
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Simplified Schematic 


Inverter Settling Time 
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TL/H/9297-7 



TL/H/9297-3 


Pulse Response r l = io kf>, c L = io pF 


Small Signal Inverting 



TIME (0.5 /iS/DIV) 


TL/H/9297-8 
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Pulse Response R|_ = 10 kft, Cl = 10 pF (Continued) 

Small Signal Non-Inverting 



TIME (0.5 ^s/DIV) 


TL/H/9297-9 


Large Signal Inverting 



TIME (10 AtS/DIV) 


TL/H/9297-10 


Large Signal Non-Inverting 



TIME (10/iS/DIV) 


TL/H/9297-1 1 
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Application Hints 

This device is a low power op amp with an internally 
trimmed input offset voltage and JFET input devices 
(BI-FET II). These JFETs have large reverse breakdown 
voltages from gate to source and drain, eliminating the need 
for clamps across the inputs. Therefore, large differential 
input voltages can easily be accommodated without a large 
increase in input current. The maximum differential input 
voltage is independent of the supply voltages. However, nei- 
ther of the input voltages should be allowed to exceed the 
negative supply as this will cause large currents to flow 
which can result in a destroyed unit. 

Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. Exceeding the negative 
common-mode limit on both inputs will force the amplifier 
output to a high state. In neither case does a latch occur 
since raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a normal 
operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifier will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

The amplifier is biased to allow normal circuit operation with 
power supplies of ±3V. Supply voltages less than these 
may degrade the common-mode rejection and restrict the 
output voltage swing. 


Detailed Schematic 



The amplifier will drive a 10 kft load resistance to ±10V 
over the full temperature range. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 
in a socket, as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Because this amplifier is a JFET rather than MOSFET input 
op amp it does not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting input 
to AC ground) set the frequency of this pole. In many in- 
stances the frequency of this pole is much greater than the 
expected 3 dB frequency, of the closed loop gain and con- 
sequently there is negligible effect on stability margin. How- 
ever, if the feedback pole is less than approximately 6 times 
the expected 3 dB frequency, a lead capacitor should be 
placed from the output to the input of the op amp. The value 
of the added capacitor should be such that the RC time 
constant of this capacitor and the resistance it parallels is 
greater than or equal to the original feedback pole time con- 
stant. 
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National 

Semiconductor 

Corporation 


LF442A/LF442 Dual Low Power 
JFET Input Operational Amplifier 



General Description 

The LF442 dual low power operational amplifiers provide 
many of the same AC characteristics as the industry stan- 
dard LM1458 while greatly improving the DC characteristics 
of the LM1458. The amplifiers have the same bandwidth, 
slew rate, and gain (10 kft load) as the LM1458 and only 
draw one tenth the supply current of the LM1458. In addi- 
tion the well matched high voltage JFET input devices of the 
LF442 reduce the input bias and offset currents by a factor 
of 10,000 over the LM1458. A combination of careful layout 
design and internal trimming guarantees very low input off- 
set voltage and voltage drift. The LF442 also has a very low 
equivalent input noise voltage for a low power amplifier. 
The LF442 is pin compatible with the LM1458 allowing an 
immediate 10 times reduction in power drain in many appli- 
cations. The LF442 should be used where low power dissi- 
pation and good electrical characteristics are the major con- 
siderations. 


Features 


Vio supply current of a LM1458 

400 ju,A (max) 

Low input bias current 

50 pA (max) 

Low input offset voltage 

1 mV (max) 

Low input offset voltage drift 

10 jliV/ 0 C (max) 

High gain bandwidth 

1 MHz 

High slew rate 

1 V/jas 

Low noise voltage for low power 

35 nVA/Rz 

Low input noise current 

0.01 pAA/Hz 

High input impedance 

1012ft 

High gain V 0 = ±10V, R L = 10k 

50k (min) 


Typical Connection Ordering Information Connection Diagrams 



LF442XYZ 

X indicates electrical grade 
Y indicates temperature range 
“M” for military 
“C” for commercial 
Z indicates package type 
“H” or “N” 


Metal Can Package 


Simplified Schematic 

% Dual 




Note: Pin 4 connected to case 

Order Number LF442AMH, LF442ACH 
or LF442CH 

See NS Package Number H08B 
Dual-ln-Line Package 


INVERTING INPUT A 


NON-INVERTING 
INPUT A 



• INVERTING INPUT B 


NON-INVERTING 
‘ INPUT B 


Order Number LF442CJ, LF442ACN or LF442CN 
See NS Package Number J08A or N08E 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 9) 


Supply Voltage 
Differential Input Voltage 
Input Voltage Range 
(Note 1) 

Output Short Circuit 
Duration (Note 2) 


LF442A 

±22 V 
±38V 
± 19V 

Continuous 


Continuous 


Tj max 
0JA (Typical) 

(Note 3) 

(Note 4) 

0JC (Typical) 

Operating Temperature 
Range 

Storage Temperature 
Range 

Lead Temperature 
(Soldering, 1 0 seconds) 
ESD rating to be determined. 


H Package 

150°C 

83°C/W 
217°C/W 
21°C/W 
(Note 4) 


N Package 

1 15°C 


1 14°C/W 
152°C/W 


(Note 4) (Note 4) 

-65°C^T a ^150°C -65°C^T a ^150°C 


DC Electrical Characteristics (Notes) 


Symbol 

Parameter 

OnnHitinn*; ! 

LF442A 

| LF442 | 

Units 





Min 

Typ 

Max 

Min 

Typ 

Max 


Vos 

Input Offset Voltage 

Rs = io ka, t a 

= 25°C 


0.5 

1.0 


1.0 

5.0 

mV 



Over Temperature 






7.5 

mV 

AV 0S /AT 

Average TC of Input 
Offset Voltage 

R s = 10 ka 


7 

10 


7 


juV/°C 

>os 

Input Offset Current 

V s = ± 15V 

Tj = 25°C 


5 

25 


5 

50 

pA 



(Notes 6 and 7) 

Tj = 70°C 



1.5 



1.5 

nA 




Tj = 125°C 



10 




nA 

<b 

Input Bias Current 

V s = ± 15V 

Tj = 25°C 


10 

50 


10 

100 

pA 



(Notes 6 and 7) 

Tj = 70°C 



3 



3 

nA 




Tj = 125°C 



20 




nA 

Rin 

Input Resistance 

Tj = 25°C 


1012 



1012 


a 

Avol 

Large Signal Voltage 
Gain 

V s = ± 1 5V, V 0 
Ri_ = io ka, Ta : 

= ±10V, 

= 25°C 

50 

200 


25 

200 


V/mV 



Over Temperature 

25 

200 


15 

200 


V/mV 


Output Voltage Swing Vs = ± 1 5V, R[_ = 1 0 ka 

Input Common-Mode 
Voltage Range 


Common-Mode 
Rejection Ratio 

Supply Voltage 
Rejection Ratio 


Supply Current 


R s ^ 10 ka 
(Note 8) 


dB 


500 jllA 
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AC Electrical Characteristics (Notes) 


Symbol 

Parameter 

Conditions 

LF442A 

LF442 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 


Amplifier to Amplifier 
Coupling 

T a = 25°C, f = 1 Hz-20 kHz 
(Input Referred) 


-120 



-120 


dB 

SR 

Slew Rate 

V s = ±15V,T A = 25°C 

0.8 

1 


0.6 

1 


V/jULS 

GBW 

Gain-Bandwidth Product 

V s = ±15V,T A = 25°C 

0.8 

1 


0.6 

1 


MHz 

e n 

Equivalent Input Noise 
Voltage 

t a = 25°c, r s = icon, 
f = 1 kHz 


35 



35 


nV/>/Hz 

•n 

Equivalent Input Noise 
Current 

T a = 25°C, f = 1 kHz 


0.01 



0.01 


pAA/Hz 


Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 2: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum junction 
temperature will be exceeded. 

Note 3: The value given is in 400 linear feet/min air flow. 

Note 4: The value given is in static air. 

Note 5: These devices are available in both the commercial temperature range 0°C £ Ta ^ 70°C and the military temperature range -55°C ^ Ta ^ 125°C. The 
temperature range is designated by the position just before the package type in the device number. A “C” indicates the commercial temperature range and an “M” 
indicates the military temperature range. The military temperature range is available in “H” package only. 

Note 6: Unless otherwise specified, the specifications apply over the full temperature range and for Vs = ± 20V for the LF442A and for Vs = ± 1 5V for the LF442. 
Vos. >B. and los a re measured at Vqm = 0. 

Note 7: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj = Ta + AjA^D where Oja is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 8: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice from 
± 1 5V to ± 5V for the LF442 and ± 20V to ± 5V for the LF442A. 

Note 9: Refer to RETS442AX for LF442AMH military specifications and to RETS442X for LF442MH military specifications. 
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Typical Performance Characteristics (Continued) 
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Application Hints 

This device is a dual low power op amp with internally 
trimmed input offset voltages and JFET input devices 
(BI-FET II). These JFETs have large reverse breakdown 
voltages from gate to source and drain eliminating the need 
for clamps across the inputs. Therefore, large differential 
input voltages can easily be accommodated without a large 
increase in input current. The maximum differential input 
voltage is independent of the supply voltages. However, nei- 
ther of the input voltages should be allowed to exceed the 
negative supply as this will cause large currents to flow 
which can result in a destroyed unit. 

Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. Exceeding the negative 
common-mode limit on both inputs will force the amplifier 
output to a high state. In neither case does a latch occur 
since raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a normal 
operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifiers will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

Each amplifier is individually biased to allow normal circuit 
operation with power supplies of ±3.0V. Supply voltages 
less than these may degrade the common-mode rejection 
and restrict the output voltage swing. 


Typical Applications 

Battery Powered Strip Chart Preamplifier 


TIME CONSTANT 



The amplifiers will drive a 10 kfl load resistance to ± 10V 
over the full temperature range. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 
in a socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequenty there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 
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Typical Applications (Continued) 


“No FET” Low Power V — ► F Converter 



Trim 1M pot for 1 kHz full-scale out- 
put 

1 5 mW power drain 
No integrator reset FET required 
Mount D1 and D2 in close proximity 
1 % linearity to 1 kHz 


TL/H/9155-12 


• ^control ~ 75°C 

• A1 ’s output represents the ampli- 
fied difference between the LM335 
temperature sensor and the crystal 
oven’s temperature 

• A2, a free running duty cycle mod- 
ulator, drives the LM395 to com- 
plete a servo loop 

• Switched mode operation yields 
high efficiency 

• 1 % metal film resistor 


High Efficiency Crystal Oven Controller 


15V 15V 




TL/H/91 55-14 

EouT--[logio(|^)+ 5 ] 

Rj = Tel Labs type Q81 

Trim 5k for 10 juA through the 5k-120k combination 
*1% film resistor 
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Typical Applications (Continued) 


Unconventional Log Amplifier 


Q1 , Q2, Q3 are included on LM389 
amplifier chip which is temperature- 
stabilized by the LM389 and Q2-Q3, 
which act as a heater-sensor pair. 
Q1, the logging transistor, is thus im- 
mune to ambient temperature varia- 
tion and requires no temperature 
compensation at all. 
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National 

Semiconductor 

Corporation 


LF444A/LF444 Quad Low Power JFET 
Input Operational Amplifier 





BI-FET II Technology 


General Description 

The LF444 quad low power operational amplifier provides 
many of the same AC characteristics as the industry stan- 
dard LM148 while greatly improving the DC characteristics 
of the LM148. The amplifier has the same bandwidth, slew 
rate, and gain (10 kn load) as the LM148 and only draws 
one fourth the supply current of the LM148. In addition the 
well matched high voltage JFET input devices of the LF444 
reduce the input bias and offset currents by a factor of 
10,000 over the LM148. The LF444 also has a very low 
equivalent input noise voltage for a low power amplifier. 
The LF444 is pin compatible with the LM148 allowing an 
immediate 4 times reduction in power drain in many applica- 
tions. The LF444 should be used wherever low power dissi- 
pation and good electrical characteristics are the major con- 
siderations. 


Features 


% supply current of a LM148 200 /xA/ Amplifier (max) 


Low input bias current 50 pA (max) 

High gain bandwidth 1 MHz 

High slew rate 1 V/jxs 

Low noise voltage for low power 35 nV/VHz 

Low input noise current 0.01 pA/VRz 

High input impedance 10 12 H 

High gain Vq = ±10V, Rl = 10k 50k (min) 


Simplified Schematic Connection Diagram 


% Quad 



Ordering Information 

LF444XYZ 

X indicates electrical grade 
Y indicates temperature range 
“M” for military, “C” for commercial 
Z indicates package type “D”, “M” or “N” 


LF444AMD/LF444CD/LF444ACN/LF444CN 
Dual-In-Line Package 

OUT 4 IN 4“ IN 4+ V - IN 3 + IN 3" OUT 3 



Order Number LF444AMD, LF444CD, LF444CJ, 
LF444CM, LF444CWM, LF444ACN or LF444CN 
See NS Package Number D14E, J14A, M14A, M14B or 
N14A 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage 

LF444A 

±22V 

LF444 

± 18V 

Differential Input Voltage 

±38V 

±30V 

Input Voltage Range 

± 19V 

± 15V 

(Note 1) 

Output Short Circuit 

Continuous 

Continuous 

Duration (Note 2) 

Power Dissipation 

D Package 

900 mW 

N Package 

670 mW 

(Notes 3 and 9) 

Tj max 

150°C 

115°C 

0 jA (Typical) 

100°C/W 

85°C/W 



D Package 

N Package 

Operating Temperature 

Range 

(Note 4) 

(Note 4) 

Storage Temperature 

Range 

— 65°C <; T a £ 150°C 

Lead Temperature DIP 
(Soldering, 10 sec.) 

ESD rating to be determined. 
Soldering Information 
Dual-ln-Line Package 

260°C 

260°C 

(Soldering, 10 sec.) 

Small Outline Package 

260°C 

260°C 

Vapor Phase (60 sec.) 

215°C 

215°C 

Infrared (15 sec.) 

220° C 

220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


DC Electrical Characteristics (Note 5) 


Symbol 

Parameter 



LF444A 

LF444 

Units 

vonamons 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input Offset Voltage 

Rs = 10k, T A 

= 25°C 


2 

5 


3 

10 

mV 



0°C ^ T A ^ + 70°C 



6.5 



12 

mV 



— 55°C ^ T A ^ + 1 25°C 



8 




mV 

AVos/AT 

Average TCof Input 
Offset Voltage 

R s = 10 kfl 


10 



10 


jaV/°C 

*OS 

Input Offset Current 

V s = ± 15V 

Tj = 25° C 


5 

25 


5 

50 

pA 



(Notes 5, 6) 

Tj = 70°C 



1.5 



1.5 

nA 




Tj = 125°C 



10 




nA 

•b 

Input Bias Current 

V s = ± 15V 

Tj = 25°C 


10 

50 


10 

100 

pA 



(Notes 5, 6) 

Tj = 70°C 



3 



3 

nA 




Tj = 125°C 



20 




nA 

Rin 

Input Resistance 

Tj = 25°C 


1012 



1012 


a 

a VOL 

Large Signal Voltage 
Gain 

V s = ± 1 5V, V 0 = ±10V 

R L = 10kH,T A = 25°C 

50 

100 


25 

100 


V/mV 



Over Temperature 

25 



15 



V/mV 

Vo 

Output Voltage Swing 

V s = ± 15V, R L = 10 kn 

±12 

±13 


±12 

±13 


V 

VcM 

Input Common-Mode 



±16 

+ 18 


±11 

+ 14 


V 


Voltage Range 




-17 



-12 


V 

CMRR 

Common-Mode 
Rejection Ratio 

R s ^ 10 kH 

80 

100 


70 

95 


dB 

PSRR 

Supply Voltage 
Rejection Ratio 

(Note 7) 

80 

100 


70 

90 


dB 

•s 

Supply Current 



0.6 

0.8 


0.8 

1.0 

mA 
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ACE 

lectrical Characterise 

tiCS (Note 5) 

Symbol 

Parameter 

Conditions 

LF444A 

LF444 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 


Amplifier-to-Amplifier 

Coupling 



-120 



-120 


dB 

SR 

Slew Rate 

V s = ±15 V,T a = 25°C 


1 



1 


V/jLtS 

GBW 

Gain-Bandwidth Product 

V s = ± 1 5V, T a = 25°C 


1 



1 


MHz 

e n 

Equivalent Input Noise Voltage 

T a = 25°C, R s = 100ft, 
f = 1 kHz 


35 



35 


nV/VHz 

■n 

Equivalent Input Noise Current 

T a = 25°C, f = 1 kHz 


0.01 



0.01 


pA/VHz 


Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 


Note 2: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum junction 
temperature will be exceeded. 

Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of d lA . 

Note 4: The LF444A is available in both the commercial temperature range 0°C £ Ta £ 70°C and the military temperature range -55°C ^ Ta £ 125°C. The 
LF444 is available in the commercial temperature range only. The temperature range is designated by the position just before the package type in the device 
number. A “C” indicates the commercial temperature range and an “M” indicates the military temperature range. The military temperature range is available in “D” 
package only. 

Note 5: Unless otherwise specified the specifications apply over the full temperature range and for Vs = ± 20V for the LF444A and for Vs = ± 1 5V for the LF444. 
Vos- Ib. and los are measured at Vcm = 0. 

Note 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj = Ta + 0jA p D where 0 ja is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice from 
+ 15V to ±5V for the LF444 and from ±20V to ±5V for the LF444A. 

Note 8: Refer to RETS444AX for LF444AMD military specifications. 

Note 9: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 

Typical Performance Characteristics 


Input Bias Current 



-10 -5 0 5 10 


Input Bias Current 



-50 -25 0 25 50 75 100 125 


Supply Current 



0 5 10 15 20 25 


COMMON-MODE VOLTAGE (V) 


TEMPERATURE (°C) 


SUPPLY VOLTAGE (±V) 


Positive Common-Mode 
Input Voltage Limit 



0 5 10 15 20 25 


Negative Common-Mode 
Input Voltage Limit 



0 -5 -10 -15 -20 -25 



012345678 


POSITIVE SUPPLY VOLTAGE (V) NEGATIVE SUPPLY OUTPUT SOURCE CURRENT (mA) 

VOLTAGE (V) 

TL/H/9156-3 
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LF444A/LF444 




COMMON-MODE REJECTION UNITY GAIN NEGATIVE OUTPUT VOLTAGE 

RATIO (dB) DISTORTION (%) BANDWIDTH (MHz) SWING (V) 





Typical Performance Characteristics (Continued) 


Open Loop Voltage Gain 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Output Impedance 



1 II I HI 1 MM I I ■■■ ■ ■ ■■! 

100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Inverter Settling Time 



SETTLING TIME ( M S) 


TL/H/9156-5 


Pulse Response r l = io kn, c L = io pF 




TIME (0.5 ps/DIV) TL/H/9156-6 TIME (0.5 /is/DIV) TL/H/9156-7 



TIME ( 1 0 /is/OIV) 


TL/H/9156-8 



TIME(10ms/DIV) 

TL/H/9156-9 
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Application Hints 

This device is a quad low power op amp with JFET input 
devices (BI-FETtm). These JFETs have large reverse break- 
down voltages from gate to source and drain eliminating the 
need for clamps across the inputs. Therefore, large differen- 
tial input voltages can easily be accommodated without a 
large increase in input current. The maximum differential in- 
put voltage is independent of the supply voltages. However, 
neither of the input voltages should be allowed to exceed 
the negative supply as this will cause large currents to flow 
which can result in a destroyed unit. 

Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. Exceeding the negative 
common-mode limit on both inputs will force the amplifier 
output to a high state. In neither case does a latch occur 
since raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a normal 
operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifiers will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

Each amplifier is individually biased to allow normal circuit 
operation with power supplies of ±3.0V. Supply voltages 
less than these may degrade the common-mode rejection 
and restrict the output voltage swing. 


The amplifiers will drive a 10 kn load resistance to ±10V 
over the full temperature range. If the amplifier is forced to 
drive heavier load currents, however, an increase in input 
offset voltage may occur on the negative voltage swing and 
finally reach an active current limit on both positive and neg- 
ative swings. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 
in a socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 


Typical Application 


pH Probe Amplifier/Temperature Compensator 



TL/H/9156-10 
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Detailed Schematic 


y 4 Quad 



TL/H/9156-1 1 
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LF455/LF456/LF457 


National 

Semiconductor 

Corporation 


ADVANCED INFORMATION 



LF455/LF456/LF457 Series Monolithic 
JFET input Operational Amplifiers 



General Description 

The LF455/LF456/LF457 family of high-performance 
Bi-FETTM operational amplifiers features extremely low off- 
set voltage, high gain, low noise, wide bandwidth, and high 
slew rate. External offset adjustments will not degrade com- 
mon-mode rejection or offset drift. A non-current-limited out- 
put is provided, and may be used alone or with the normal 
output to increase the current limit to more than 100 mA. 
Either output is capable of driving large capacitive loads of 
up to 10,000 pF. 

Applications 

■ DAC output amplifiers 

■ Precision Buffers 

■ Fast Integrators 

■ Precision, high speed instrumentation 

■ Precision sample and holds 


Features 


Low input offset voltage 

250 /aV 

Low offset voltage drift 

3 jliV/°C 

Low input bias current 

50 pA 

Low input offset current 

10 pA 

High common-mode rejection ratio 

100 dB 

High DC voltage gain 

106 dB 

High slew rate: LF455 

5V/jus 

LF456 

12V/ jus 

LF457 

50V/jus 

Wide bandwidth: LF455 

3 MHz 

LF456 

5 MHz 

LF457 

20 MHz 

Low input noise voltage: 


LF455 

12nV\/Hz@ 1kHz 

LF456, LF457 

10nVl/Hz @ 1kHz 

Large capacitive load capability 

10,000 pF 

Fast settling to 0.01 % 

1.5 jus 


Typical Connection 



- 1 must be greater than 4 for the LF457. 
R i 

LF455 and LF456 are unity gain stable. 


Connection Diagram 


Dual-ln-Line Package (N) 


v os ADJH 

INV. INPUT - 
N.l. INPUT - 


RAW OUTPUT 



6 CURRENT-LIMITED 


TL/H/9225-1 


Metal Can Package (H) 


RAW OUTPUT 



TL/H/9225-3 

Order Number LF455/LF456/LF457 
See NS Package H08A or N08E 
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Simplified Schematic 
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LF13741 



National 

Semiconductor 

Corporation 


LF13741 



Monolithic JFET Input Operational Amplifier 


General Description 

The LF13741 is a 741 with BI-FETtm input followers on the 
same die. Familiar operating characteristics— those of a 
741— with the added advantage of low input bias current 
make the LF13741 easy to use. Monolithic fabrication 
makes this “drop-in-replacement” operational amplifier very 
economical. 

Applications in which the LF13741 excels are those which 
require low bias current, moderate speed and low cost. A 
few examples include high impedance transducer amplifi- 
ers, photocell amplifiers, buffers for high impedance, slow to 
moderate speed sources and buffers in sample-and-hold 
type systems where leakage from the hold capacitor node 
must be kept to a minimum. 

Systems designers can take full advantage of their knowl- 
edge of the 741 when designing with the LF13741 to 
achieve extremely rapid “design times.” The LF13741 can 
also be used in existing sockets to make the “error budget” 
for input bias and/or offset currents negligible and in many 
cases eliminate trimming. For higher speed and lower noise 
use the LF155, LF156, LF157 series of BI-FET operational 
amplifiers. 

Features 

■ Low input bias current 50 pA 

■ Input common-mode range to positive supply voltage 


■ Low input noise current 0.01 pA/VHz 

■ High input impedance 5 X 1 0 1 

■ Familiar operating characteristics 

Advantages 

■ FET inputs— 741 operating characteristics 

■ Low cost 

■ Ease of use 

■ Standard supplies 

■ Standard pin outs 

■ Non-rectifying input for RF environment 

■ Rapid “design time” 

Applications 

■ Smoke detectors 

■ I to V converters 

■ High impedance buffers 

■ Low drift sample and hold circuits 

■ High input impedance, slow comparators 

■ Long time timers 

■ Low drift peak detectors 

■ Supply current monitors 

■ Low error budget systems 


Simplified Schematic Typical Applications 



Inexpensive Microprocessor D/A 


Vref 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage ± 1 8V 

Operating Temperature Range 0°C to + 70°C 

Tj(MAX) 1 00°C 

Differential Input Voltage ± 30V 

Input Voltage Range (Note 3) ± 1 6V 

Output Short Circuit Duration Continuous 

Storage Temperature Range - 65°C to + 1 50°C 

DC Electrical Characteristics (Note 4) 


H Package 

0 jA (Typical) 

(Note 1) 88°C/W 

(Note 2) 232°C/W 

0 jC (Typical) 25°C/W 

Metal Package Lead Temperature 
(Soldering, 10 sec.) 

Plastic Package (Soldering, 4 sec.) 
ESD rating to be determined. 


N Package 

163°C/W 

218°C/W 


300°C 

260°C 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vos 

Input Offset Voltage 

R s = 10kn, T a = 25°C 


5 

15 

mV 

Over Temperature 



20 


Voltage Offset Adjustment 

Range 


10 



mV 

AV 0S /AT 

Average TC of Input Offset 

Voltage 

R s = 10 ka 


10 


ju,V/°C 

los 

Input Offset Current 

Tj = 25°C (Notes 4, 5) 


10 

50 

pA 

Tj ^ 70°C 



2 

nA 

Ib 

Input Bias Current 

Tj = 25°C (Notes 4, 5) 


50 

200 

pA 

Tj ^ 70°C 


1.6 

8 

nA 

Rin 

Input Resistance 

Tj = 25°C 


5 X 1011 


a 

a vol 

Large Signal Voltage Gain 

V s = ± 15V, T a = 25°C 

V 0 = ±10V, R l = 2ka 

25 

100 


V/mV 

Over Temperature 

15 



V/mV 

Vo 

Output Voltage Swing 

V s = ± 15V, R l = 10 ka 

±12 

±13 


V 

VcM 

Input Common-Mode Voltage 
Range 

V s = ± 15V 

±11 

+ 15.1 

-12 


V 

CMRR 

Common-Mode Rejection Ratio 

R s ^ 10 ka 

70 

90 


dB 

PSRR 

Supply Voltage Rejection Ratio 

(Note 6) 

77 

96 


dB 

is 

Supply Current 



2 

4 

mA 
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LF13741 


AC Electrical Characteristics (Note 4) 



Parameter 

Conditions 

Min 

Typ 

Max 

Units 

SR 

Slew Rate 

V s = ± 15V, T a = 25°C 


0.5 


V//AS 

GBW 

Gain-Bandwidth Product 

V s = ±15V,T A = 25°C 


1.0 



e n 

Equivalent Input Noise Voltage 

T a = 25°C, R s = 100ft 
f = 100 Hz 

f = 1000 Hz 


50 

37 


nVA/Hz 

nV/>/Hz 

in 

Equivalent Input Noise Current 

Tj = 25°C 
f = 100 Hz 

f = 1000 Hz 


0.01 

0.01 


pA/>/Hi 

pA/>/Hz 


Note 1: The value given is in 400 Linear Feet/Min air flow. 

Note 2: The value given is in static air. 

Note 3: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 4: These specifications apply for Vs = ±15V and 0°C <: Ta £ +70°C. Vos. Ib> and los are measured at Vqm = 0. 

Note 5: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pd. Tj = Ta + p d where 0jA is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 6: Supply Voltage Rejection Ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice from 
V s = ±10Vto ±15V. 
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Typical Performance Characteristics (Continued) 


Bode Plot 



0.1 1 10 


Common-Mode Rejection 



10 100 Ik 10k 100k 1M 10M 


FREQUENCY (MHz) 


FREQUENCY (Hz) 


Undistorted Output 
Voltage Swing 



Ik 10k 100k 1M 


Equivalent Input 



FREQUENCY (Hz) 


FREQUENCY (Hz) 


LF13741 Pulse Responses 


Power Supply Rejection 
Ratio 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 



TL/H/9296-4 


Small Signal Non-Inverting 
Pulse Response 



TIME 0.5 ms/DI V 


Small Signal Inverting 
Pulse Response 


TIME 0.5 jus/DIV 



Av = +1 (Follower) 


TL/H/9296-5 


Ay = -1 (Inverter) 


TL/H/9296-6 
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Typical Performance Characteristics 
LF 13741 Pulse Responses (Continued) 


Large Signal Non-Inverting 
Pulse Response 



TIME 10 pts/DIV 


TL/H/9296-7 


Application Hints 

GENERAL CHARACTERISTICS 

The LF13741 makes the job of converting from a bipolar to 
an FET input op amp easy. As a systems designer you are 
probably very familiar with the operating characteristics of a 
741 op amp. In fact, many of you have used 741s with FET 
input followers — that’s just what the LF13741 is, but it’s all 
on a single die. 

When you need a low cost, reliable, well known op amp with 
low input currents and moderate speed, use an LF13741. 

DIFFERENTIAL INPUTS 

You don’t have to use clamps across the inputs for differen- 
tial input voltages of less than 40V. The input JFETs of the 
LF13741 , in addition to being well matched, have large re- 
verse breakdown voltages from gate to source and drain. 

POSITIVE INPUT COMMON-MODE 
VOLTAGE LIMIT 

With the LF13741 (unlike the normal 741) you can take both 
inputs above the positive supply voltage by more than 0.1V 
before the amplifier ceases to function. This feature enables 
you to use the LF13741 to monitor and/or limit the current 
from the same supply used to power it (see typical applica- 
tions). 

If you exceed the positive common-mode voltage limit on 
only one input, the output phase will remain correct. When 
you exceed the limit on both inputs, the output phase is 
unpredictable. 

NEGATIVE INPUT COMMON-MODE 
VOLTAGE LIMIT 

There are two negative input voltage ranges of interest: 

1. The range between the negative common-mode voltage 
limit and the negative supply voltage. 

2. Voltages which are more negative than the negative sup- 
ply voltage. 


(Continued) 


Large Signal Inverting 
Pulse Response 



TIME 1 0 jus/DI V 


TL/H/9296-8 

Vertical: Output Voltage Swing 
Horizontal = Time 


If you take only one of the inputs of the LF13741 into the 
first range, the output phase will remain correct. When you 
take both inputs into this range the output will go toward the 
positive supply voltage. 

If you force either or both of the inputs into the second 
range, an internal diode will be turned “ON.” Unless you 
externally limit the diode current to about 1 mA, the device 
will be destroyed. In either case, limited or unlimited input 
current, you cannot predict the output. 

HANDLING 

You do not have to take any special precautions in handling 
the LF13741. It has JFET, as opposed to fragile MOSFET, 
inputs. 

APPLYING POWER 

You should never: reverse the power supplies to the 
LF13741; plug a part in backwards in a powered socket or 
board; make the negative supply voltage more positive than 
an input voltage. 

Any one of these supply conditions will forward bias an in- 
ternal diode. If you have not externally limited the resulting 
current, the device will be destroyed. 

LAYOUT 

To ensure stability of response you should take care with 
lead dress, component placement and power supply decou- 
pling. For example, the body of feedback resistors (from 
output to input pins) should be placed close to the inverting 
input pin. Noise “pickup” and capacitance to ground from 
the input pin will be minimized — effects which are usually 
desirable. 

Because of the very low input bias currents of the LF13741, 
special care should be taken in printed circuit board layouts 
to prevent unnecessary leakage from the input nodes, (see 
Typical Applications). 
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Application Hints (Continued) 

FEEDBACK POLE 

You create a feedback pole when you place resistive feed- 
back around an amplifier. The parallel resistance and ca- 
pacitance from the input of the device (usually the inverting 
input) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
there is negligible effect on stability margin. However, if the 
feedback pole is less than approximately six times the ex- 
pected 3 dB frequency (a distinct possibility when using FET 
op amps), you should place a lead capacitor from the output 
to the input of the op amp. The value of the added capacitor 
should be such that the RC time constant of this capacitor 
and the resistance it parallels is greater than or equal to the 
original feedback pole time constant (Figure 1). 


C2 



TL/H/9296-9 

Parasitic input capacitance Cl = (3 pF for LF13741 plus any additional 
layout capacitance ) interacts with feedback elements and creates undesir- 
able high frequency pole. To compensate, add C2 such that: R2C2 = R1C1. 

FIGURE 1 


Typical Applications (Continued) 

Circuits Using Guard Rings to Prevent Leakage Currents Between Inputs and V~ 


Guarded Voltage Follower Guarded Inverting Amplifier 



v + 

TL/H/9296-13 
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Typical Applications (Continued) 

Guarded Instrumentation Amplifier 


v + 



TL/H/9296-14 


Bridge Amplifier 
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Typical Applications (Continued) 


Up/Down Staircase Generator/Step and Hold 

UP 



TL/H/9296-19 


Supply Current Indicator/Limiter 



Low Drift Adjustable Voltage Reference 


2N4118 



• Trim 100k potentiometer for Vref adjust 


Low Drift Peak Detector 
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Typical Applications (Continued) 


Ultra-Low Drift Peak Detector 

20k 



•By adding D1 and Rf, Vqi = 0 during hold mode. Leakage of D2 provided by feedback path through Rf. 
•Leakage of circuit is Ib plus leakage of Cf,. 

•D3 clamps Vqut A 1 to V|n - V 03 to improve speed and to limit the reverse bias of D2. 

•Maximum input frequency should be < y 2 7r Rf Cq 2 , where Cq 2 is the shunt capacitance of D2. 


Comparator with Offset Adjust for Hi-Z Inputs 


Low Current Ammeter 


v + 



TL/H/9296-25 

V“ + 3V £ V| N £ V + + 0.1V 


Rf 



TL/H/9296-26 


•full scale 

Rf 

Rb 

100 nA 

1.5M 

1.5M 

500 nA 

300k 

300k 

1 ju.A 

300k 

0 

5 /aA 

60k 

0 

10 |u.A 

30k 

0 

50 jaA 

6k 

0 

100 juA 

3k 

0 
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Typical Applications (Continued) 


Long Time Integrator 


Precision Current Sink 



Photo Cell Amplifier (I to V Converter) 
R 



TL/H/9296-29 


Connection Diagrams (Top Views) 


TO-99 Metal Can Package 



Order Number LF13741H 
See NS Package Number H08C 


Dual-ln-Line Package 



NC 

V + 

OUTPUT 

BALANCE 


TL/H/9296-31 

Order Number LF13741N 
See NS Package Number N08E 
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PRELIMINARY 


LH0003/LH0003C 

Wide Bandwidth Operational Amplifier 


General Description 

The LH0003/LH0003C is a general purpose operational 
amplifier which features: slewing rate up to 70 V/jms, a gain 
bandwidth of up to 30 MHz, and high output currents. 

The LH0003 is specified for operation over the -55°C to 
+ 125°C military temperature range. The LH0003C is speci- 
fied for operation over the 0°C to + 85°C temperature range. 


Features 

■ Very low offset voltage 

■ Large output swing 

■ High CMRR 

■ Good large signal 
frequency response 


Typically 0.4 mV 
> ±10V into 100ft load 
Typically >90 dB 
50 kHz to 400 kHz de- 
pending on compensation 


Schematic and Connection Diagrams 



Cl 



Order Number LH0003H or LH0003CH 
See NS Package Number H10G 


Typical Compensation 


Circuit Gain 

Ci 

PF 

C 2 

PF 

Slew Rate 

R|_ > 200ft, V/ju,sec 

Full Output Frequency 

R l > 200ft Vqut = ±10V 

£40 

0 

0 

70 

400 ] 


£10 

5 

30 

30 

350 


£ 5 

15 

30 

15 

250 

kHz 

£ 2 

50 

50 

5 

100 


£ 1 

90 

90 

2 

50 J 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 3) 

Supply Voltage ± 20 V 

Power Dissipation See Curve 

Differential Input Voltage ± 7 V 

Input Voltage Equal to Supply 


Load Current 

Operating Temperature Range 
LH0003 
LH0003C 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 
ESD rating to be determined. 


120 mA 

— 55°C to 4- 1 25°C 

0°C to +85°C 

— 65°C to + 1 50°C 

260°C 


Electrical Characteristics (Notes 1 & 2) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage 

R s < 100ft 


0.4 

3.0 

mV 

Input Offset Current 



0.02 

0.2 

juA 

Input Bias Current 



0.4 

2.0 

jaA 

Supply Current 

V s = ±20V 


1.2 

3 

mA 

Voltage Gain 

R L =100k,V s = ± 1 5V, Vqut = ±10V 

20 

70 


V/mV 


R l = 2k, V s = ±15V,V 0 UT= ± 10V 

15 

40 


V/mV 

Output Voltage Swing 

V s = ± 15V, R L = 100ft 

±10 

±12 


V 

Input Resistance 



100 


kft 

Average Temperature 
Coefficient of Offset 
Voltage 

R s <; 100ft 


4 


jaV/°C 

Average Temperature 
Coefficient of Bias 
Current 



8 


nA/°C 

CMRR 

R s < 100ft, V s = ± 15V, V| N = ±10V 

70 

90 


dB 

PSRR 

R s < 100ft, V s = ±15V, AV = 5V to 20V 

70 

90 


dB 

Equivalent Input 

Noise Voltage 

R s = 1 00ft, f = 1 0 kHz to 1 00 kHz 

V s = ± 1 5V dc 


1.8 


/xVrms 


Note 1: These specifications apply for Pin 7 grounded, for ±5V < Vs < ±20V, with capacitor Ci = 90 pF from Pin 1 to Pin 10 and C 2 = 90 pF from Pin 5 to 
ground, over the specified operating temperature range, unless otherwise specified. 

Note 2: Typical values are for Ta = 25°C unless otherwise specified. 

Note 3: Refer to RETS0003X for LH0003H military specifications. 


Typical Performance Characteristics 


Maximum Power 
Dissipation 



25 50 75 100 125 

TEMPERATURE ( C) 


Large Signal 



10« 105 106 107 

FREQUENCY (Hi) 


Open Loop 
Frequency Response 



10° 10 1 10 2 10 3 10 4 10 5 10 6 10 7 10 8 
FREQUENCY (Hz) 


TL/H/5561 -5 
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LH0004/LH0004C High Voltage Operational Amplifier 


General Description 

The LH0004/LH0004C is a general purpose operational 
amplifier designed to operate from supply voltages up to 
± 40V. The device dissipates extremely low quiescent pow- 
er, typically 8 mW at 25°C and V s = ±40V. 

The LH0004’s high gain and wide range of operating volt- 
ages make it ideal for applications requiring large output 
swing and low power dissipation. 

The LH0004 is specified for operation over the — 55°C to 
+ 125°C military temperature range. The LH0004C is speci- 
fied for operation over the 0°C to + 85°C temperature range. 

Features 

■ Capable of operation over the range of ±5V to ±40V 

■ Large output voltage typically ±35V for the LH0004 
and ±33V for the LH0004C into a 2 kfl load with 
±40V supplies 


■ Low input offset current typically 20 nA for the LH0004 
and 45 nA for the LH0004C 

■ Low input offset voltage typically 0.3 mV 

■ Frequency compensation with 2 small capacitors 

■ Low power consumption 8 mW at ±40V 

Applications 

■ Precision high voltage power supply 

■ Resolver excitation 

■ Wideband high voltage amplifier 

■ Transducer power supply 


Schematic and Connection Diagrams 



COMPENSATION 



TL/H/5559-2 

Note: Pin 7 must be grounded or connected to a 
voltage at least 5V more negative than the positive 
supply (Pin 9). Pin 7 may be connected to the nega- 
tive supply; however, the standby current will be in- 
creased. A resistor may be inserted in series with 
Pin 7 to Pin 9. The value of the resistor should be a 
maximum of 100 kfl per volt of potential between 
Pin 3 and Pin 9. 

Order Number LH0004H or LH0004CH 
See NS Package Number H10G 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 2) 


Supply Voltage, Continuous 
Power Dissipation (see Curve) 
Differential Input Voltage 
Input Voltage 


±45V 
400 mW 
±7V 

Equal to Supply 


Short Circuit Duration 
Operating Temperature Range 
LH0004 
LH0004C 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec.) 

ESD rating to be determined. 


3 sec 

— 55°C to + 125°C 
0°C to + 85°C 
— 65°C to + 150°C 
260°C 


Electrical Characteristics (Note i> 


Parameter 

Conditions 

LH0004 

LH0004C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

R s <; 100fl,T A = 25°C 

R s ^ 100ft 

■ 



■ 



mV 

Input Bias Current 

T a = 25°C 

■ 

20 

100 

300 

■ 


B||| 

nA 

Input Offset Current 

T a = 25°C 

■ 



■ 



nA 

Positive Supply Current 

V s = ±40 V,T a = 25°C 

V s = +40V 

■ 



■ 

110 


juA 

Negative Supply Current 

V s = ±40 V,T a = 25°C 

V s = +40V 


80 

100 

135 


80 

100 

135 

jutA 

Voltage Gain 

V s = +40V, R l = 100k, T a = 25°C 
Vqut = ±30V 

30 

60 


30 

60 


V/mV 

V s = ±40V, R L = 100k 
v OUT = ±30V 

10 



10 



V/mV 

Output Voltage 

V s = ±40V, R|_ = 10k 

±30 

±35 


±30 

±33 


V 

CMRR 

V s = ±40V, R s 5k 

V| N = +33V 

70 

90 


70 

90 


dB 

PSRR 

V s = ±40V, R s <: 5k 

AV = 20V to 40 V 

70 

90 


70 

90 


dB 

Average Temperature 
Coefficient Offset Voltage 

r s ^ iooft 

■ 


■ 

■ 


■ 


Average Temperature 
Coefficient of 

Offset Current 



0.4 



0.4 


nA/°C 

Equivalent Input 

Noise Voltage 

R s = 100ft, Vs = ±40V 
f = 500 Hz to 5 kHz, T A = 25°C 


3.0 


■ 

3.0 

■ 



Note 1: These specifications apply for ±5V ^ Vs ^ ±40V, Pin 7 grounded, with capacitors Cl = 39 pF between Pin 1 and Pin 10, C2 = 22 pF between Pin 5 and 
ground, -55°C to +125°C for the LH0004, and 0°C to +85°C for the LH0004C unless otherwise specified. 

Note 2: Refer to RETS0004X for LH0004H military specifications. 
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Typical Applications 


Voltage Follower 
Rl* 



TL/H/5559-3 


Input Offset 
Voltage Adjust 


v* 



External Current 
Limiting Method 


High Compliance 
Current Source 



TL/H/5559-6 





LH0004/LH0004C 


Typical Performance Characteristics 


Input Voltage Range 



0 5 15 25 35 45 

SUPPLY VOLTAGE (±V) 



0 10 20 30 40 

SUPPLY VOLTAGE (±V) 


Negative Supply Current 



0 10 20 30 40 

SUPPLY VOLTAGE UV) 


Positive Supply Current 



0 10 20 30 40 

SUPPLY VOLTAGE <±V) 


Open Loop Frequency 
Response 



o * — ‘ — 1 — 1 — 1 — 1 — 1 ^ 

0.1 10 Ik 100k 10M 

FREQUENCY (Hz) 


Large Signal 



0.1 10 Ik 100k 100M 

FREQUENCY (Hi) 


Voltage Gain 




■ 

■ 

■ 

■ 

■ 

m 

■ 



w. 

n 

■n 

■1 

■■ 

■i 

■i 




wm 






■■ 

■i 

m 

m 

m 

■ 



E 

E 

sz 

m 

i 

i 



mmm 

a 

■ 



I5E3 

2 

■ 

■ 

■ 



■ 

■ 

■ 

■ 

■ 

■ 

■ 



■ 


m 

H 

m 

■ 

■ 



■ 

i 



0 10 20 30 40 

SUPPLY VOLTAGE (±V) 


Output Voltage 



0 15 30 45 

SUPPLY VOLTAGE (±V> 


Package Power Dissipation 



0 50 100 150 

TEMPERATURE (°C) 

TL/H/5559-7 
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National 
Semiconductor 
Corporation 

LH0020/LH0020C High Gain 

General Description 

The LH0020/LH0020C is a general purpose operational 
amplifier designed to source and sink 50 mA output cur- 
rents. In addition to its high output capability, the LH0020/ 
LH0020C exhibits excellent open loop gain, typically in ex- 
cess of 100 dB. The parameters of the LH0020 are guaran- 
teed over the temperature range of - 55°C to + 1 25°C and 
±5V ^ Vs ^ ±22V, while those of the LH0020C are guar- 
anteed over the temperature range of 0°C to + 85°C and 
±5V ^ V s ^ ± 18V. 

Output current capability, excellent input characteristics, 
and large open loop gain make the LH0020/LH0020C suit- 
able for application in a wide variety of applications from 
precision DC power supplies to precision medium power 
comparator. 


Operational Amplifier 

Features 

■ Low offset voltage typically 1.0 mV at 25°C over the 
entire common-mode voltage range 

■ Low offset current typically 10 nA at 25°C for the 
LH0020 and 30 nA for the LH0020C 

n Offset voltage is adjustable to zero with a single poten- 
tiometer 

a ± 1 4V, 50 mA output capability 



Schematic and Connection Diagrams 


COMPENSATION 



TL/H/5554-1 


V + 



Top View 

Order Number LH0020G or LH0020CG 
See NS Package Number G12B 
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LH0020/LH0020C 



LH0020/LH0020C 


Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, 

Output Short Circuit Duration 

Continuous 

contact the National Semiconductor Sales 

Office/ 

Operating Temperature Range 


Distributors for availability and specifications. 


LH0020 

— 55°Cto + 1 25°C 

(Note 3) 


LH0020C 

0°C to +85°C 

Supply Voltage 

±22V 

Storage Temperature 

— 65°C to + 1 50°C 

Power Dissipation 

1.5W 

Lead Temperature (Soldering, 10 sec.) 

300° C 

Differential Input Voltage 

±30V 

ESD rating to be determined. 


Input Voltage (Note 1) 

± 15V 




Electrical Characteristics (Note 2 )T min < t a <; Tmax unless otherwise specified 


Parameter 

Conditions 

LH0020 

LH0020C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Input Offset 

Rs ^ 100ft, Ta = 25°C Over Temp. 


1.0 

2.5 





Voltage 



2.0 

4.0 





Input Offset 

Ta = 25°C Over Temp. 


10 

50 


30 

200 

nA 

Current 




100 



300 

nA 

Input Bias 

Ta = 25°C Over Temp. 


60 

250 


200 

500 

nA 

Current 




500 



800 

nA 

Supply Current 

V s = ±15 V,T a = 25°C 


3.5 

5.0 


WEB 


mA 

Input Resistance 

T a = 25°C 

0.6 

1.0 


0.3 



Mft 

Large Signal 

V s = ± 15V, R L = 300ft, V 0 = ±10V, T a = 25°C 

100 

300 


50 



V/mV 

Voltage Gain 

V s = +15V, R L = 300ft, V 0 = ±10V, T A = 25°C 

50 



30 



V/mV 

Output Voltage 

V s = ± 1 5V, R l = 300ft, T a = 25°C Over Temp. 

14.2 

14.5 





V 

Swing 


14.0 






V 

Output Short 
Circuit Current 

V s = ± 1 5V, R l = Oft, T a = 25°C 


100 

130 

25 

120 

140 

mA 

Input Voltage 
Range 

V S =±15V 

±12 



±12 



V 

Common-Mode 
Rejection Ratio 

R s £ 100ft 

90 

96 


90 

96 



Power Supply 
Rejection Ratio 

Rs ^ 100ft 

90 

96 


90 

96 


dB 


Note 1: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 2: These specifications apply for ±5V Vs ^ ±22 V for the LH0020, ±5V ^ Vs £ ±18V for the LH0020C, pin 9 grounded, and a 5000 pF capacitor 
between pins 2 and 3, unless otherwise specified. 

Note 3: Refer to RETS0020G for LH0020G militiary specifications. 
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Typical Applications 


Offset Adjustment Unity Gain Frequency Compensation 



TL/H/5554-3 TL/H/5554-4 



LH0021-200 



National 

Semiconductor 

Corporation 


LH0021-200 1.0 Amp Power Operational Amplifier 


General Description 

The LH0021-200 is a general purpose operational amplifier 
capable of delivering large output currents not usually asso- 
ciated with conventional 1C op amps. The LH0021 will pro- 
vide output currents in excess of one ampere at voltage 
levels of ± 12V. In addition, both the inputs and outputs are 
protected against overload. The devices are compensated 
with a single external capacitor and are free of any unusual 
oscillation or latchup problems. 

The excellent input characteristics and high output capabili- 
ty of the LH0021-200 make it an ideal choice for power 
applications such as DC servos, capstan drivers, deflection 
yoke drivers, and programmable power supplies. 

The LH0021-200 is supplied in an 8-pin TO-3 package rated 
at 20W with a suitable heatsink. Also, the LH002 1-200 is 
guaranteed over the temperature range of -55°C to 
+ 200°C. 


Features 

■ 200°C Operation 

■ Output current 

■ Output voltage swing 

■ Wide full power bandwidth 

■ Low standby power 

■ Low input offset voltage and current 

■ High slew rate 

■ High open loop gain 

■ Expected life in operation 


1.0A 

+ 12V into 10^ 
15 kHz 
100 mW at ± 15V 
1 mV and 20 nA 
3.0 V/jas 
100 dB 
160 Hours 


Schematic and Connection Diagrams 


V+ 


'SC+ 



COMP 

C (EXT) 3000 pF 
OUT 



Order Number LH0021K-200 
See NS Package Number K08A 


TL/K/8783-1 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage ±18V 

Power Dissipation See curves 

Differential Input Voltage ± 30V 

Input Voltage (Note 1) +15V 

Peak Output Current LH0021 -200 (Note 2) 2.0A 


Output Short Circuit Duration (Note 3) 
Operating Temperature Range 
LH0021-200 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 
Expected Operating Life at 200°C 
ESD rating is to be determined. 


DC Electrical Characteristics for LH0021 -200 (Notes 4,5 &e> 

Symbol Parameter Conditions 


— 55°C to +200°C 

— 65°C to +225°C 

+ 260°C 




Limits | 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage 

r s ^ 100ft 



15 

mV 

Input Offset Current 




500 

nA 

Input Bias Current 

i 



2.0 

ju,A 

Input Resistance 

T c = 25°C 


1.0 


Mft 

Common Mode Rejection Ratio 

R s <; 100ft, AVcm = ± iov 

60 

90 


dB 

Input Voltage Range 

Vs=±15V 

±12 



V 

Power Supply Rejection Ratio 

R s <: 100ft, AV S = ± 10V 

60 

96 


dB 

Voltage Gain 

V s = ± 1 5V, V 0 = ± 10V 

R l = 100ft 

70 



dB 

Output Voltage Swing 

V s = ± 15V, R l = 100ft 

±10 

±14 


V 

Power Supply Current 

V S = ±15V,V 0U T = 0 


2.5 

5.0 

mA 


AC Electrical Characteristics forLH002i-200(T A = 25°c,v s = ±i5v,c c = 3000 pF) 


Symbol 

Parameter 

Conditions 

Min 

Limits 

Typ 

Max 

Units 


Slew Rate 

A v = +1, Rl = 100ft 


3.0 


V/juS 


Power Bandwidth 

R l = 100ft 


20 


kHz 


Note 1: Rating applies for supply voltages greater than + 15V. For supplies less than ±15V, rating is equal to supply voltages. 

Note 2: Rating applies for LH0021 K-200 with Rsc = Oft. 

Note 3: Rating applies as long as package rating is not exceeded. 

Note 4: Test conditions are Vs = ±15V, Rs = 100H, Cc = 3000 pF and apply for -55°C ^ Ta ^ 200°C unless otherwise specified. 

Note 5: For further information, see the LH0021/LH0021C Datasheet. 

Note 6: In order to limit maximum junction temperature to +225°C it may be necessary to operate with Vs < ±15V when Ta or Tc exceeds specific values 
depending on the Pd within the device package. Total Pd is the sum of quiescent and load-related dissipation. 
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LH0021-200 





LH0021-200 


Typical Performance Characteristics 



0 25 50 75 100 125 150 175 200 225 
TEMPERATURE °C 


Output Voltage Swing 



SUPPLY VOLTAGE (±V) 


Voltage Follower Pulse 
Response 



0 $ 10 IS 20 25 30 35 

TIME (ps) 


Distortion vs Frequency 



100 Ik 10k 100k 


FREQUENCY (Hi) 


Safe Operating Area — LH0021 



C.u * * 1 ‘ ■ ■ 

-15 -10 -5 0 5 10 15 


OUTPUT VOLTAGE (V) 


Input Noise Current 



Open Loop Frequency 
Response 


120 

“ 100 

| 80 

S 60 
►- 

§ «0 
20 
0 

1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 






Vs 

= ±ifiv | 


n 



T* 

= 25 

C 









Z 





Rl 

= 1C 


v 





Z 


\ 








K 

k 


Large Signal Frequency 
Response 



Ik 10k 100k 1M 

FREQUENCY (Hz) 


No Load Supply Current 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Short Circuit Current vs 
Temperature LH0021/LH0021C 



-75 -50 -25 0 25 50 75 100 125 150 
CASE TEMPERATURE (*C) 


Input Bias Current 















'C 





. — 

— 

— 




_ 

□ 





■ 

■ 





m 


— 

— 




■ 








■■ 

■■■■ 

■■ 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Voltage Gain 



5 10 15 20 


SUPPLY VOLTAGE (±V) 


TL/K/8783-3 
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LH002 1-200 



LH0022/LH0022C/LH0042/LH0042C/LH0052/LH0052C 


National 

Semiconductor 

Corporation 


LH0022/LH0022C High Performance FET Op Amp 
LH0042/LH0042C Low Cost FET Op Amp 
LH0052/LH0052C Precision FET Op Amp 


General Description 

The LH0022/LH0042/LH0052 are a family of FET input op- 
erational amplifiers with very closely matched input charac- 
teristics, very high input impedance, and ultra-low input cur- 
rents with no compromise in noise, common mode rejection 
ratio, open loop gain, or slew rate. The internally laser nulled 
LH0052 offers 500 j mV maximum offset and 2 ju,V/°C offset 
drift. Input offset current is less than 500 femtoamps at 
room temperature and 500 pA maximum at 125°C. The 
LH0022 and LH0042 are not internally nulled but offer com- 
parable matching characteristics. All devices in the family 
are internally compensated and are free of latch-up and un- 
usual oscillation problems. The devices may be offset nulled 
with a single 10k trimpot with negligible effect in CMRR. 
The LH0022, LH0042 and LH0052 are specified for opera- 
tion over the -55°C to + 125°C military temperature range. 
The LH0022C, LH0042C and LH0052C are specified for op- 
eration over the -25°C to +85°C temperature range. 

The LH0022/LH0042/LH0052 family of 1C op amps are in- 
tended to fulfill a wide variety of applications for process 
control, medical instrumentation, and other systems requir- 
ing very low input currents and tightly matched input offsets. 
The LH0052 is particularly suited for long term high 


accuracy integrators and high accuracy sample and hold 
buffer amplifiers. The LH0022 and LH0042 provide low cost 
high performance for such applications as electrometer and 
photocell amplification, pico-ammeters, and high input im- 
pedance buffers. 

Special electrical parameter selection is available on special 
request. 

For additional application information and information on 
other National operational amplifiers, see Available Linear 
Applications Literature. 

Features 

■ Low input offset current — 500 femtoamps max (LH0052) 

■ Low input offset drift — 2 juV/°C typ (LH0052) 

■ Low input offset voltage — 100 jx\i typ 

■ High open loop gain — 100 dB typ 

■ Excellent slew rate — 3.0 V//xs typ 

■ Internal 6 dB/octave frequency compensation 

■ Pin compatible with standard 1C op amps (TO-5 pack- 
age) 


Connection Diagrams 


Dual-In-Line Package 



Order Number LH0022D, LH0022CD, LH0042D, 
LH0042CD, LH0052D or LH0052CD 
See NS Package Number D14E 


Order Number LH0042E 
See NS Package Number E20A 


Metal Can Package 

NC 



Order Number LH0022H, LH0022CH, LH0042H, 
LH0042CH, LH0052H or LH0052CH 
See NS Package Number H08D 


Leadless Chip Carrier 


v“ 



OFFSET NULL 
OUTPUT 


TL/K/5557-4 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage ± 22V 

Power Dissipation (see Graph) 500 mW 

Input Voltage (Note 1) +15V 

Differential Input Voltage (Note 2) ± 30V 

Voltage Between Offset Null and V - +0.5V 


Short Circuit Duration 
Operating Temperature Range 
LH0022, LH0042, LH0052 
LH0022C, LH0042C, LH0052C 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 


Continuous 

— 55°C to + 1 25°C 
— 25°C to +85°C 

— 65°C to + 1 50°C 

300°C 


DC Electrical Characteristics forLH0022/LH0022C(Note3)T A = Tj(Max) 




Limits 


Parameter 

Conditions 

LH0022 

LH0022C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Input Offset Voltage 

R s £ 100 kn, T a = 25°C 

V s = +15V 


2.0 

4.0 


3.5 

6.0 

mV 


r s <; ioo kn, v s = ± 15V 



5.0 



7.0 

mV 

Temperature Coefficient of 

Input Offset Voltage 

Rs ^ 100 kn 


10 



15 


jU,V/°C 

Offset Voltage Drift with Time 



3 



4 


juV/week 

Input Offset Current 

(Note 4) 


0.2 

2.0 


1.0 

5.0 

pA 





2.0 



0.5 

nA 

Temperature Coefficient of 

Input Offset Current 


Doubles Every 10°C 

Doubles Every 1 0°C 


Offset Current Drift with Time 



0.1 



0.1 


pA/week 

Input Bias Current 

(Note 4) 


5 

10 


10 

25 

pA 





10 



2.5 

nA 

Temperature Coefficient of 

Input Bias Current 


Doubles Every 10°C 

Doubles Every 1 0°C 


Differential Input Resistance 



1012 



1012 


n 

Common Mode Input Resistance 



1012 



1012 


n 

Input Capacitance 



4.0 



4.0 


PF 

Input Voltage Range 

V s = +15V 

±12 

±13.5 


±12 

±13.5 


V 

Common Mode Rejection Ratio 

R s £ 10 kn, Vin = ± 10 V 

80 

90 


70 

90 


dB 

Supply Voltage Rejection Ratio 

R s ^ 10 kn, ±5V ^ V s ^ ± 1 5V 

80 

90 


70 

90 


dB 

Large Signal Voltage Gain 

R l = 2kn, Vqut = ± iov 

T a = 25°C, V s = ±15V 

100 

200 


75 

160 


V/mV 


R L = 2kn,V 0 UT= ± 10V 

V s = ± 15V 

50 



50 



V/mV 

Output Voltage Swing 

R l = 1 kn, T a = 25°C 

V s = ± 15V 

±10 

±12.5 


±-10 

±12 


V 


R l = 2kn, V s = ±15V 

±10 



±10 



V 

Output Current Swing 

Vqut = ±10V,T A = 25°C 

±10 

±15 


±10 

±15 


mA 

Output Resistance 



75 



75 


n 

Output Short Circuit Current 



25 



25 


mA 

Supply Current 

V s = ± 15V 


2.0 

2.5 


2.4 

2.8 

mA 

Power Consumption 

V s = ± 15V 



75 



85 

mW 
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LH0022/LH0022C/LH0042/LH0042C/LH0052/LH0052C 



D022/LH0022C/LH0042/LH0042C/LH0052/LH0052C 


DC Electrical Characteristics for lhom 2 /lhoo 42 c (Note 3> 




Limits 


Parameter 

Conditions 

LH0042 

LH0042C 

Units 





ESI 

Min 

Typ 

Max 


Input Offset Voltage 

R s ^ 100 ka 





6.0 

PH 



R s ^ 100 ka 


10 



15 

■ 


Offset Voltage Drift with Time 



7.0 



10 


juA//week 

Input Offset Current 

(Note 4) 





2.0 

KOI 

pA 

Temperature Coefficient of 

Input Offset Current 





Offset Current Drift with Time 



0.1 



■9 


pA/week 

Input Bias Current 

(Note 4) 



25 


mm 

E3 

pA 

Temperature Coefficient of 

Input Bias Current 


Doubles Every 10°C 

Doubles Every 10°C 


Differential Input Resistance 



1012 





a 

Common Mode Input Resistance 



1012 





a 

Input Capacitance 



4.0 



4.0 


PF 

Input Voltage Range 


±12 

±13.5 


±12 

±13.5 


V 

Common Mode Rejection Ratio 

r s <; io ka, V| N = ±iov 

70 

86 


70 

80 


dB 

Supply Voltage Rejection Ratio 

R s ^10ka, +5V^V S <; ±15V 

70 

86 


70 

86 



Large Signal Voltage Gain 

R S ^ 2 ka, V 0UT = ±10V 

50 

150 


25 




Output Voltage Swing 

R|_ = 1 ka, T a = 25°C 

+ 10 

±12.5 


±10 



V 


R L = 2 ka 

±10 






V 

Output Current Swing 

VquT = ± 1 ov 

±10 

±15 


±10 

±15 



Output Resistance 






75 



Output Short Circuit Current 






20 


mA 

Supply Current 



mm 





mA 

Power Consumption 




105 



120 

mW 


DC Electrical Characteristics fori_H0052/LH0052C(Note3) 




Limits 


Parameter 

Conditions 

LH0052 

LH0052C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Input Offset Voltage 

R s < 100ka,V s = + 15V 
T a = 25°C 


0.1 

1.0 


0.4 

2.0 

mV 


R s < 100 ka, V s = ± 15V 



2.0 



3.0 

mV 

Temperature Coefficient of 
Input Offset Voltage 

v s = ioo ka, v s = ± 1 5V 







jaV/°C 

Offset Voltage Drift with Time 



2.0 



4.0 



Input Offset Current 

(Note 4) 



5.0 


0.02 

1.0 

pA 





500 



100 

pA 

Temperature Coefficient of 
Input Offset Current 


Doubles Every 10°C 

Doubles Every 10°C 


Offset Current Drift with Time 



0.1 



0.1 


pA/week 
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DC Electrical Characteristics for lhoos2/lhoo52c (Note 3) (continued) 




Limits 


Parameter 

Conditions 

LH0052 

LH0052C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Input Bias Current 

(Note 4) 


0.5 

2.5 


1.0 

5.0 

pA 





2.5 



0.5 

nA 

Temperature Coefficient of 

Input Bias Current 


Doubles Every 10°C 

Doubles Every 10°C 


Differential Input Resistance 



1012 



1012 


a 

Common Mode Input Resistance 



1012 



1012 


a 

Input Capacitance 



4.0 



4.0 


PF 

Input Voltage Range 

V s = ± 15V 

±12 

±13.5 


±12 

±13.5 


V 

Common Mode Rejection Ratio 

R s ^ 10 ka V| N = ±10V 

74 

90 


70 

90 


dB 

Supply Voltage Rejection Ratio 

R s ^ 10 ka, ±5V ^ V s ^ ± 1 5V 

74 

90 


70 

90 


dB 

Large Signal Voltage Gain 

R l = 2ka, Vout = ± 10V 

V s = ±15V, T a = 25°C 

100 

200 


75 

160 


V/mV 


R L = 2kH, Vqut = ±iov 

V s = ± 15V 

50 



50 



V/mV 

Output Voltage Swing 

R l = 1 ka, T a = 25°C 

V s = ± 15V 

±10 

±12.5 


±10 

±12 


V 


R l = 2kn, V s = ± 15V 

±10 



±10 



V 

Output Current Swing 

V 0 U T= ± 10V, T a = 25°C 

±10 

±15 


±10 

±15 


mA 

Output Resistance 



75 



75 


a 

Output Short Circuit Current 



25 



25 


mA 

Supply Current 

V s = ± 15V 


3.0 

3.5 


3.0 

3.8 

mA 

Power Consumption 

V s = ± 15V 



105 



114 

mW 


AC Electrical Characteristics tor an amplifiers <t a = 25 c, v s = ±i 5 v> 




Limits 


Parameter 

Conditions 

LH0022/42/52 

LH0022C/42C/52C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Slew Rate 

Voltage Follower 

1.5 

3.0 


1.0 

3.0 


V/jUS 

Large Signal Bandwidth 

Voltage Follower 


40 



40 


kHz 

Small Signal Bandwidth 



1.0 



1.0 


MHz 

Rise Time 



0.3 

1.5 


0.3 

1.5 

jus 

Overshoot 



10 

30 


15 

40 

% 

Settling Time (0.1%) 

AV| N = 10V 


4.5 



4.5 


jxS 

Overload Recovery 



4.0 



4.0 


JJLS 
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LH0022/LH0022C/LH0042/LH0042C/LH0052/I 


AC Electrical Characteristics for all amplifiers (Ta = 25°C, Vs : 


Input Noise Voltage 


± 1 5V) (Continued) 

Limits 


Conditions 

[ LH0022/42/52 | 

LH0022C/ 42C/52C | 

Units 


Min 

Typ 

Max 

Min 

Typ 

Max 


R s = 10kn,f o = 10 Hz 


150 



150 


nV/\/Hz 

R s = 10kfU o = 100 Hz 


55 



55 


nV/l/Hz 

R S = 10kn,f o = 1 kHz 


35 



35 


nV/l/Hz 

R s = 10kn,f o = 10 kHz 


30 



30 


nV/v/Hz 

BW = 10 Hz to 10kHz, R s = 10 kH 


12 



12 


juVrms 

BW = 10 Hz to 10kHz 


<0.1 



<0.1 


pArms 


Input Noise Current | BW = 1 0 Hz to 1 0kHz | | <0.1 | | | <0.1 | | pArms 

Note 1: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 2: Rating applies for minimum source resistance of 10 kft, for source resistances less than 10 kft, maximum differential input voltage is ±5V. 

Note 3: Unless otherwise specified, these specifications apply for ±5V ^ Vs ^ +20V and -55°C ^ Ta ^ + 125°C for the LH0022/42/52 and -25°C ^ Ta ^ 
+ 85°C for the LH0022C/42C/52C. Typical values are given for Ta = 25°C. 

Note 4: Input currents are a strong function of temperature. Due to high speed testing they are specified at a junction temperature Tj = 25°C. Self heating will 
cause an increase in current in manual tests. 25°C spec is guaranteed by testing at 125°C. 


Auxiliary Circuits (Shown for TO-5 pin out) 


Offset Null 
v + 


Protecting Inputs from ± 150V Transients 




Note: All diodes are ultra low leakage. 


Boosting Output Drive to ± 100 mA 



LH0002 OUTPUT 
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Typical Applications 


Low Drift Sample and Hold 


ANALOG 

INPUT 

TTL SAMPLE /HOLD 
CONTROL 


R1 
1 0K 



Precision Voltage Comparator 



Picoamp Amplifier for pH Meters and Radiation Detectors 



ANALOG 

OUTPUT 


TL/K/5557-8 


V 


TL/K/5557-10 



Typical Applications (Continued) 

Precision Subtractor for Automatic Test Gear 


I 1 



Sensitive Low Cost “VTVM” 


99K 




-15V 


TL/K/5557-13 



LH0022/LH0022C/LH0042/LH0042C/LH0052/LH0052C 
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Typical Performance Characteristics (Continued) 


Supply Voltage vs 
Supply Current 



4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE ( V) 


Voltage Gain 



5 10 15 20 


SUPPLY VOLTAGE (tV) 


Output Swing vs 
Supply Voltage 



5 10 15 20 


SUPPLY VOLTAGE ( - V) 


Output Voltage Swing 
vs Load Resistance 



0.1 0.2 0.5 1.0 2.0 5.0 10 

LOAD RESISTANCE (k <l) 


Current Limiting 



0 5 10 15 20 25 30 


OUTPUT CURRENT (-mA) 


Output Voltage Swing vs 
Frequency 



Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Voltage Follower Large 
Signal Response 
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Transient Response 



0 .200 .400 .600 .800 1 


TOis) 


Frequency Characteristics vs 
Ambient Temperature 



-60 -20 20 60 100 140 


TEMPERATURE ( 0 


Frequency Characteristics vs Output Resistance vs 




5 10 15 20 


100 Ik 10k 100k 1M 



1 10 100 Ik 10k 100k 1M 10M 


SUPPLY VOLTAGE (±V) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


TL/K/5557-19 
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LH0024/LH0024C 


National 
Semiconductor 
Corporation 

LH0024/LH0024C High Slew 

General Description 

The LH0024/LH0024C is a very wide bandwidth, high slew 
rate operational amplifier intended to fulfill a wide variety of 
high speed applications such as buffers to A to D and D to A 
converters and high speed comparators. The device exhib- 
its useful gain in excess of 50 MHz making it possible to use 
in video applications requiring higher gain accuracy than is 
usually associated with such amplifiers. 

The LH0024/LH0024C’s combination of wide bandwidth 
and high slew rate make it an ideal choice for a variety of 
high speed applications including active filters, oscillators, 
and comparators as well as many high speed general pur- 
pose applications. 


Rate Operational Amplifier 


The LH0024 is guaranteed over the temperature range 

— 55°C to -M25°C, whereas the LH0024C is guaranteed 

— 25°C to +85°C. 

Features 

■ Very high slew rate — 500 V/jlis at Ay = +1 

■ Wide small signal bandwidth — 70 MHz 

■ Wide large signal bandwidth— 15 MHz 

■ High output swing — ±12V into Ik 
n Offset null with single pot 

■ Low input offset— 2 mV 

■ Pin compatible with standard 1C op amps 



Schematic and Connection Diagrams 


COMP/NULL 



Metal Can Package 

COMP /NULL 



Top View 

Note: For heat sink use Thermalloy 2230-5 


Order Number LH0024H or 
LH0024CH 

See NS Package Number H08B 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 2) 

Supply Voltage ± 1 8V 

Input Voltage Equal to Supply 

Differential Input Voltage ± 5V 

Power Dissipation 600 mW 

DC Electrical Characteristics (Notei) 


Operating Temperature Range 
LH0024 — 55°C to +125°C 

LH0024C — 25°C to + 85°C 

Storage Temperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 1 0 sec.) 260°C 

ESD rating to be determined. 


Parameter 

Conditions 

LH0024 

LH0024C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Input Offset Voltage 

R s = 50 n, T a = 25°C 


2.0 

4.0 


5.0 

8.0 

mV 


Rs = 50H 



6.0 



10.0 

mV 

Average Temperature 

V s = ± 15V, R s = 50ft 








Coefficient of Input 
Offset Voltage 

— 55°C to 125°C 


-20 



-25 


juV/°C 

Input Offset Current 

T a = 25°C 


2.0 

5.0 


4.0 

15.0 

jiA 





10.0 



20.0 

JJL A 

Input Bias Current 

T a = 25°C 


15 

30 


18 

40 

juA 





40 



50 

/x A 

Supply Current 



12.5 

15 


12.5 

15 

mA 

Large Signal Voltage 

V s = ± 15V, R|_ = Ik, T a = 25°C 

4 

5 


3 

4 


V/mV 

Gain 

V s = ± 15V, R l = Ik 

3 



2.5 



V/mV 

Input Voltage Range 

V s = ± 15V 

±12 

±13 


±12 

±13 


V 

Output Voltage 

V S = ± 15V, R L = Ik, T A = 25°C 

±12 

±13 


±10 

±13 


V 

Swing 

V s = ±15 V,R l = Ik 

±10 



±10 



V 

Slew Rate 

V s = ± 1 5V, R L = Ik, 

C-j = C 2 = 30 pF, 

A v = +1,T A = 25°C 

400 

500 


250 

400 


V/ju.s 

Common-Mode 

V S = ±15V, AV| N = ±10V, 


60 



60 


dB 

Rejection Ratio 

Rs — 50H 





Power Supply 

±5V <1 V s ^ ± 18V, 


60 



60 


dB 

Rejection Ratio 

Rs — 50fl 






Note 1: These specifications apply for Vs = ±15V and -55°C to +125°C for the LH0024 and -25°C to +85°C for the LH0024C. 
Note 2: Refer to RETS0024H for LH0024H military specifications. 


Frequency Compensation 

TABLE I 


Closed 
Loop Gain 

Cl 

C 2 

c 3 

100 

0 

0 

0 

20 

0 

0 

0 

10 

0 

20 pF 

1 PF 

1 

30 pF 

30 pF 

3 pF 


Frequency Compensation Circuit 

C3 



TL/K/5552-6 
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LH0024/LH0024C 


Typical Performance Characteristics 


Maximum Power Dissipation 



0 25 50 75 100 125 150 

TEMPERATURE (C) 


Large Signal Frequency 
Response 



:r: 


. 1 


1 








. 

1 

Vs 

Cl 

= -15 

= C7 ■■ 

V 

= 30 nF 



R L = IK 

ill 


! 


10K TOOK 1M 10M 100M 

FREQUENCY (Hz) 


Open Loop Frequency 



10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


Voltage Follower Pulse 
Response 



0 100 200 300 400 500 

TIME (ns) 


Input Voltage vs Supply 



0 5 10 15 20 


SUPPLY VOLTAGE (*V) 


Output Voltage Swing 



0 5 10 15 20 

SUPPLY VOLTAGE ( V) 


Supply Current vs 



4 6 8 10 12 14 16 18 


SUPPLY VOLTAGE (*V) 


25 

| 20 
I- 

3 

U 

2 10 
BO 

3 

I 5 
0 


Input Bias Current 
vs Voltage 










j: 

= -as 

*c 













M 







25*C 












Ta = + 

125*C 




’ 





















B 10 12 14 16 18 

SUPPLY VOLTAGE (-V) 


TL/K/5552-7 


Applications Information 

LAYOUT CONSIDERATIONS 

The LH0024/LH0024C, like most high speed circuitry, is 
sensitive to layout and stray capacitance. Power supplies 
should be by-passed as near the device as is practicable 
with at least 0.01 jaF disc type capacitors. Compensating 
capacitors should also be placed as close to device as pos- 
sible. 

COMPENSATION RECOMMENDATIONS 

Compensation schemes recommended in Table 1 work well 
under typical conditions. However, poor layout and long 
lead lengths can degrade the performance of the LH0024 or 
cause the device to oscillate. Slight adjustments in the val- 
ues for Cl , C2, and C3 may be necessary for a given layout. 
In particular, when operating at a gain of —1, C3 may re- 


quire adjustment in order to perfectly cancel the input ca- 
pacitance of the device. 

When operating the LH0024/LH0024C at a gain of +1, 
the value of R1 should be at least 1 kft. 

The case of the LH0024 is electrically isolated from the cir- 
cuit; hence, it may be advantageous to drive the case in 
order to minimize stray capacitances. 

HEAT SINKING 

The LH0024/LH0024C is specified for operation without the 
use of an explicit heat sink. However, internal power dissi- 
pation does cause a significant temperature rise. Improved 
offset voltage drift can be obtained by limiting the tempera- 
ture rise with a clip-on heat sink such as the Thermalloy 
2228B or equivalent. 
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LH0032/LH0032A/LH0032C/LH0032AC 



National 

Semiconductor 

Corporation 


PRELIMINARY 


LH0032/LH0032A/LH0032C/LH0032AC 
Ultra Fast FET-Input Operational Amplifier 


General Description 

The LH0032/LH0032A is a high slew rate, high input imped- 
ance differential operational amplifier suitable for diverse 
application in fast signal handling. The high allowable differ- 
ential input voltage, ease of output clamping, and high out- 
put drive capability particularly suit it for comparator applica- 
tions. It may be used in applications normally reserved for 
video amplifiers allowing the use of operational gain setting 
and frequency response shaping into the megahertz region. 
The LH0032’s wide bandwidth, high input impedance and 
high output capacity make it an ideal choice for applications 
such as summing amplifiers in high speed D to A convert- 
ers, buffers in data acquisition systems and sample and 
hold circuits. Additional applications include high speed inte- 
grators and video amplifiers. The LH0032 and LH0032A are 
guaranteed for operation over the temperature range 
— 55°C to +125°C, the LH0032C and LH0032AC are guar- 
anteed for — 25°C to +85°C. 


Features 

■ 500 V/jlls slew rate 

■ 70 MHz bandwidth 

■ 10 12 fl input impedance 

■ As low as 2 mV max input offset voltage 

■ FET input 

■ Offset null with single pot 

■ No compensation for gains above 50 

■ Peak output current to 100 mA 








Absolute Maximum Ratings 

Supply Voltage, Vs ± 1 8V 

Input Voltage, Vin ± Vs 

Differential Input Voltage ± 30V or ± 2Vs 

Power Dissipation, Pq 

T a = 25°C 1 ,5W, derate 1 00°C/W to 1 25°C (Note 1 ) 

T c = 25°C 2.2W, derate 70°C/ W to 1 25°C (Note 1 ) 


Operating Temperature Range, T A 
LH0032G/AG/E 
LH0032CG/ACG 

Operating Junction Temperature, Tj 
Storage Temperature Range 
Lead Temp. (Soldering, 10 seconds) 


— 55°C to +125°C 
— 25°C to +85°C 

175°C 

— 65°C to + 1 50°C 

300°C 


DC Electrical Characteristics Vs = ± 15V, Tmin ^ T a ^ Tmax unless otherwise noted (Note 2) (T A = Tj) 


Symbol 

Parameter 

Test Conditions 

LH0032A 

LH0032AC 

LH0032 

LH0032C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input Offset 
Voltage 

V| N = 0 

T A — Tj = 25°C 
(Note 3) 


1 

2 

5 


2 

5 

7 


2 

5 

10 


2 

15 

20 

mV 

AV 0S / 

AT 

Average Offset 
Voltage Drift 

(Note 4) 


15 

30 


15 

30 


15 

50 


15 

50 

juV/°C 

•os 

Input Offset 
Current 

Tj = 25°C (Note 3) 
T A =25°C (Note 5) 



10 

250 

10 



30 

500 

3 



25 

250 

25 



50 

500 

5 

< < < 
CL CL C 

•b 

Input Bias 
Current 

Tj = 25°C (Note 3) 
T a = 25°C (Note 5) 



50 

1 

25 



150 

5 

10 



100 

1 

50 



500 

5 

15 

< < < 
CL C C 

*V| N CM 

Input Voltage 
Range 


±10 

±12 


±10 

±12 


±10 

±12 


±10 

±12 


V 

CMRR 

Common Mode 
Rejection 
Ratio 

AV 1N =±10V 

50 

60 


50 

60 


50 

60 


50 

60 


dB 

Avol 

Open-Loop 

Voltage 

Gain 

V o =±10V, 
f=1 kHz 

Tj = 25°C 

60 

70 


60 

70 


60 

70 

: 

60 

70 


dB 

R L = 1 kH 
(Note 6) 


57 



57 



57 



57 




v 0 

Output Voltage 
Swing 

R l = 1 kH 

±10 

±13.5 


±10 

±13 


±10 

±13.5 


±10 

±13 


V 

•s 



Power Supply 
Current 

T a = 25°C, 
l o = 0 (Note 5) 


18 

20 


20 

22 


18 

20 


20 

22 

mA 

PSRR 

Power Supply 
Rejection 
Ratio 

AV S =10V 
(±5 to +15V) 

50 

60 

i 

50 

60 


50 

60 


50 

60 


dB 


AC Electrical Characteristics v s = ±isv, r l = ikn.Tj = 25 c (Note 7> 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Sr 

Slew Rate 

II 

+ 


350 

500 


V/jus 


Settling Time to 1 % of Final Value 

A V = -1, 

AV| N = 20V 


100 



ts 

Settling Time to 0.1 % of Final Value 


300 


ns 

tR 

Small Signal Rise Time 

A v = +1, AV| N = IV 


8 

20 


tD 

Small Signal Delay Time 


10 

25 



Note 1. In order to limit maximum junction temperature to + 175°C, it may be necessary to operate with VS < ±15V when Ta or Tq exceeds specific values 
depending on the Pq within the device package. Total Pq is the sum of quiescent and load-related dissipation. See applications notes AN-277, “Applications of 
Wide-Band Buffer Amplifiers” and AN-253, “High-Speed Operational-Amplifier Applications” for a discussion of load-related power dissipation. 

Note 2. LH0032AG/G are 100% production tested as specified at 25°C, 125°C, and -55°C. LH0032ACG/CG are 100% production tested at 25°C only. 
Specifications at temperature extremes are verified by sample testing, but these limits are not used to calculate outgoing quality level. 

Note 3. Specification is at 25°C junction temperature due to requirements of high-speed automatic testing. Actual values at operating temperature will exceed the 
value at Tj =25 C. When supply voltages are ± 15V, no-load operating junction temperature may rise 40-60°C above ambient, and more under load conditions. 
Accordingly, Vos may change one to several mV, and Ib and los will change significantly during warm-up. Refer to Iq and Iqs vs. temperature graph for expected 
values. 

Note 4. LH0032AG/G are 100% production tested for this parameter. LH0032ACG/CG are sample tested only. Limits are not used to calculate outgoing quality 
levels. A Vos/ AT IS the average value calculated from measurements at 25°C and T^ax- 

Note 5. Measured in still air 7 minutes after application of power. Guaranteed thru correlated automatic pulse testing. 

Note 6. Guaranteed thru correlated automatic pulse testing at Tj = 25°C. 

Note 7. Not 100% production tested; verified by sample testing only. Limits are not used to calculate outgoing quality level. 

’Guaranteed by CMRR test condition. 
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Connection Diagrams 


OUTPUT 

COMPENSATION 


BALANCE/ 

COMPENSATION 


/©GOV 
© ^ 


'©©©. 


Order Number LH0032G, LH0032AG, 
LH0032CG or LH0032ACG 
See NS Package Number G12B 


Auxiliary Circuits 


Offset Null 


INPUTS i | LH0032 ^--OUTPUT 


NON-INV. INPUT - 


BALANCE/COMP.— 1 45 



BALANCE/COMP.' x OUTPUT COMP. 

T 

Order Number LH0032E 
See NS Package Number E48B 


Output Short Circuit Protection 







Typical Performance Characteristics 


Maximum Power 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Supply Current vs. 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Input Voltage Range and Output 
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SUPPLY VOLTAGE (±V) 
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FREQUENCY (Hz) 


Common Mode Rejection 
Ratio vs. Frequency 
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10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


Large Signal Pulse 



0 100 200 300 400 500 

TIME (ns) 


Large Signal Pulse 



0 100 200 300 400 500 


TIME (ns) 


Normalized Input Bias and Offset 
Current vs. Junction Temperature 



JUNCTION TEMPERATURE (°C) 


Normalized Input Bias 
Current During Warm-Up 



TIME FROM POWER TURN-ON (MINUTES) 


Total Input Noise 



10 100 Ik 10k 


FREQUENCY (Hz) 


TL/K/5265-2 

*Noise voltage includes contribution 
from source resistance. 
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Typical Applications 


Unity Gain Amplifier 

8 pF-10 pF 



TL/K/5265-17 


100X Buffer Amplifier 



10k 



TL/K/5265-19 


10X Buffer Amplifier 


5 pF 



Non-Compensated Unity Gain Inverter 

v + 






Typical Applications (Continued) 


High Speed Sample and Hold 


ioon 



Applications Information 

POWER SUPPLY DECOUPLING INPUT CURRENT 

The LH0032/LH0032A, like most high speed circuits, is sen- Because the input devices are FETs, the input bias current 

sitive to layout and stray capacitance. Power supplies may be expected to double for each 11 °C junction tempera- 

should be by passed as near to pins 10 and 12 as practica- ture rise. This characteristic is plotted in the typical perform- 

ble with low inductance capacitors such as 0.01 /xF disc ance characteristics graphs. The device will self-heat due to 

ceramics. Compensation components should also be internal power dissipation after application of power thus 

located close to the appropriate pins to minimize stray raising the FET junction temperature 40-60°C above free- 

reactances. air ambient temperature when supplies are ±15V. The de- 
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LH0032/LH0032A/LH0032C/LH0032AC 


Applications Information (Continued) 

vice temperature will stabilize within 5-10 minutes after ap- 
plication of power, and the input bias currents measured at 
that time will be indicative of normal operating currents. An 
additional rise would occur as power is delivered to a load 
due to additional internal power dissipation. 

There is an additional effect on input bias current as the 
input voltage is changed. The effect, common to all FETs, is 
an avalanche-like increase in gate current as the FET gate- 
to-drain voltage is increased above a critical value depend- 
ing on FET geometry and doping levels. This effect will be 
noted as the input voltage of the LH0032 is taken below 
ground potential when the supplies are ±15V. All of the 
effects described here may be minimized by operating the 
device with Vs^ +15V. 

These effects are indicated in the typical performance 
curves. 

INPUT CAPACITANCE 

The input capacitance to the LH0032/LH0032C is typically 
5pF and thus may form a significant time constant with high 
value resistors. For optimum performance, the input capaci- 
tance to the inverting input should be compensated by a 
small capacitor across the feedback resistor. The value is 


strongly dependent on layout and closed loop gain, but will 
typically be in the neighborhood of several picofarads. 

In the non-inverting configuration, it may be advantageous 
to bootstrap the case and/or a guard conductor to the in- 
verting input. This serves both to divert leakage currents 
away from the non-inverting input and to reduce the effec- 
tive input capacitance. A unity gain follower so treated will 
have an input capacitance under a picofarad. 

HEAT SINKING 

While the LH0032/LH0032A is specified for operation with- 
out any explicit heat sink, internal power dissipation does 
cause a significant temperature rise. Improved bias current 
performance can thus be obtained by limiting this tempera- 
ture rise with a small heat sink such as the Thermalloy No. 
2241 or equivalent. The case of the device has no internal 
connection, so it may be electrically connected to the sink if 
this is advantageous. Be aware, however, that this will affect 
the stray capacitances to all pins and may thus require ad- 
justment of circuit compensation values. 

For additional applications information request Applica- 
tion Note AN-253. 
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National 

Semiconductor 

Corporation 


LH0044 Series Precision Low Noise 
Operational Amplifiers 


General Description 

The LH0044 Series is a low noise, ultra-stable, high gain, 
precision operational amplifier family intended to replace ei- 
ther chopper-stabilized monolithic or modular amplifiers. 
The devices are particularly suited for differential mode, in- 
verting, and non-inverting mode applications requiring very 
low initial offset, low offset drift, very high gain, high CMRR, 
and high PSRR. In addition, the LH0044 Series’ low initial 
offset and offset drift eliminate costly and time consuming 
null adjustments at the systems level. The superior perform- 
ance afforded by the LH0044 Series is made possible by 
advanced processing and testing techniques, as well as ac- 
tive laser trim of critical metal film resistors to minimize off- 
set voltage and drift. Unique construction eliminates thermal 
feedback effects. 

The LH0044 Series is an excellent choice for a wide range 
of precision applications including strain gauge bridges, 
thermocouple amplifiers, and ultrastable reference ampli- 


fers. The LH0044 is guaranteed over the temperature range 
of — 55°C to + 1 25°C, and the LH0044AC, LH0044B, and 
LH0044C are guaranteed from -25°C to +85°C. The de- 
vice is available in standard TO-5 op amp pin out and is 
compatible with LM108A, LM725, and LM741 type amplifi- 
ers. 


Features 

B Low input offset voltage 25ju,V max 

B Excellent long-term stability ± 1 ju,V/month max 

a Low offset drift 0.5/xV/°C max 

B Very low noise 0.7jaVp-p max 0.1 Hz to 10 Hz 

m High CMRR and PSRR 120 dB min 

B High open loop gain 120 dB min 

a Wide common-mode range ±13V min 

B Wide supply voltage range ± 2V to ± 20V 


Equivalent Circuit 


OVER COMP 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


(Note 6) 

Supply Voltage ± 20V 

Power Dissipation 600 mW 

Differential Input Voltage (Note 4) ± 1 V 

Input Voltage (Note 5) ± 1 5V 


Output Short-Circuit Duration 
Operating Temperature Range 
LH0044 

LH0044AC, LH0044B, LH0044C 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 
ESD rating to be determined. 


Continuous 

— 55°C to +125°C 
— 25°C to +85°C 

— 65°C to + 1 50°C 

260°C 


DC Electrical Characteristics (Note d 




Limits 


Parameter 

Conditions 

LH0044AC 

LH0044/ 

LH0044B/LH0044C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Input Offset Voltage 

T a = 25°C, R s = 50 CL, V C m = 0V 


8 

25 


12 

50 

nV 


LH0044C Only 






100 

nV 

Input Offset Voltage 

R S = son, V CM = ov 



55 



180 

M-V 


LH0044A and LH0044B Only 



75 



80 

jaV 

Average Input Offset 

T|\/iin ^ T A <; TMax 


0.1 

0.5 


0.2 

m 

JLlV/°C 

Voltage Drift 

LH0044B Only 







JLlV/°C 

Long-Term Stability 

(Note 2) 


0.2 

1 


0.3 

2 

p.V/month 

Input Noise Voltage (Note 3) 

BW = 0.1 Hz to 10 Hz, R s =50n 


0.35 

0.7 


0.35 

0.8 



Rs= 10 kfl Imbalance 


0.50 

0.9 


0.50 

1.0 


Thermal Feedback Coefficient 



0.005 



0.005 


jaV/mW 

Open Loop Voltage Gain 

R L = 10 kn 

120 

145 


114 

140 


dB 

Common-Mode Rejection Ratio 

-10V £ V C m ^ +10V 

120 

145 


114 

140 


dB 

Power Supply Rejection Ratio 

±3V<; v s <; ± 18V 





140 


dB 

Input Voltage Range 



■P'gj 


±12 



V 

Output Voltage Swing 

R L = 10 kn 




±12 

(239 


V 

Input Offset Current 

25°C ^ T A ^ T^ax 

■| 


2.5 




nA 


"^Min ^ T A < 25°C 



5.0 




nA 

Average Input Offset 

Current Drift 



n 

40 


15 

80 

pA/°C 

Input Bias Current 

25°C ^ T A ^ Tm 3x 



o 




nA 


Min ^ T A < 25°C 







nA 

Average Input Bias Current Drift 








pA/°C 

Differential Input Impedance 


5 

EX 

■ 


8 


M n 

Common Mode Input Impedance 







9B 

a 

Supply Current 

II = o 


0.9 

3.0 


1.0 


mA 

Power Dissipation 



27 

90 


30 


mW 
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AC Electrical Characteristics t a = 25 °c, v s = ±isv 


Parameter 

Conditions 

Typ 

Units 

Input Noise Voltage 

R s = 1 kft,f 0 = 10 Hz 

11 

nV/VHz 


R s = 1 kft, f 0 = 1 kHz 

9 

nV/VHz 

Slew Rate 

A v = +1,Rl= 10ka,V|N = ±10V 

0.06 

V/jLlS 

Large Signal Bandwidth 

A v = +1 ,Rl= 10kn,V| N = ±10V 

1 

kHz 

Overload Recovery Time 

A v = + 1 00, V| N = — 1 00 mV, AV| N = 200 mV 

5 

flS 

Small Signal Bandwidth 

A v = +1, R L = 10 kn 

400 

kHz 

Small Signal Rise Time 

Ay = + 1 , Rl = 10 kfi, V|jvj = 10 mV 

2.5 

flS 

Overshoot 

A v = +1 ,Rl= 10kn,V| N = 10 mV, C L = 100 pF 

10 

% 


Note 1: All specifications apply for all device grades, at Vs = ± 15V, and from TMin to T^ax unless otherwise specified. Tmid is -55°C and T^ax is + 125°C for the 
LH0044. Twin is -25°C and T Max is +85°C for the LH0044AC, LH0044B and LH0044C. Typicals are given for Ta = 25°C. 

Note 2: This parameter is not 100% tested; however, 90% of the devices are guaranteed to meet this specification after one month of operation and after initial 
turn-on stabilization. 

Note 3: Noise is 100% tested on the LH0044AC and LH0044B only. 90% of the LH0044 and LH0044C devices are guaranteed to meet this specification. 

Note 4: The inputs are shunted by back-to-back diodes for over-voltage protection. Excessive current will flow for differential input voltages in excess of IV. Input 
current should be limited to less than 1 mA. 

Note 5: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 6: Refer to RETS0044AH for LH0044AH military specifications and RETS0044H for LH0044H military specfifications. 


2 
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LH0044 


Typical Performance Characteristics 


Total Input Noise 
Voltage vs Frequency 






1 

- 


111 llll Ti l IT 








T 

a =2! 

°C 

III. 





1 





1 





1 

- 




} 



. 


I 

"1 



_ 

1. 


10 100 Ik 10k 100k 

FREQUENCY (Hz) 



0 ±5 ±10 ±15 ±20 

SUPPLY VOLTAGE (V) 


Input Bias Current vs Common- 
Mode Input Voltage 

ii 

10.5 

10 

9.5 

B.O 

7.5 



-15 -10 -5 0 5 10 15 


COMMON-MODE INPUT VOLTAGE (V) 


Supply Current vs 
Supply Voltage 



SUPPLY VOLTAGE (V) 


Large Signal Voltage 



100 Ik 10k 100k 


FREQUENCY (Hz) 



0 ±2 ±4 ±6 ±8 


OUTPUT CURRENT (mA) 


Power Supply Rejection 



0.1 1 10 100 Ik 

FREQUENCY (Hz) 



0.1 1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Input Voltage Range 



0 ±5 ±10 ±15 ±20 


SUPPLY VOLTAGE (V) 


Open Loop Frequency 



0.01 0.1 1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Large Signal Pulse 
Response 




- 

- 







V 




y 




r 




\ 



7 



Vs 

= ±15 
= 10k 

= 0.01 
1 1 

V 

IkF 
| 

£ 


j 


j 

' R|_ 
Cs 

1 




1 

□ 

d 

□ 



0 0.2 0.4 0.6 0.8 1.0 \2 1.4 

TIME (ms) 


Maximum Power Dissipation 



0 25 50 75 100 125 150 


TEMPERATURE (°C) 

TL/K/5551 -3 
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Applications Information 

LOW DRIFT CONSIDERATIONS 

Achieving ultra-low drift in practical applications requires 
strict attention to board layout, thermocouple effects, and 
input guarding. For specific recommendations refer to 
AN-63 and AN-79. 

A point worth stressing with regard to low drift specifications 
is testing of the LH0044. Simply stated — it is virtually impos- 
sible to test the device using a thermoprobe or other form of 
local heating. A one degree centigrade temperature gradi- 
ent can account for tens of microvolts of virtual offset (or 
drift). The test circuit of Figure 1 is recommended for use in 
a stabilized oven or continuously stirred oil bath with the 
entire circuit inside the oven or bath. Isothermal layout of 
the resistors is advised in order to minimize thermocouple 
induced EMF’s. 

OVER COMPENSATION 

The LH0044 may be overcompensated in order to minimize 
noise bandwidth by paralleling the internal 100 pF capacitor 
with an external capacitor connected between pins 1 and 6. 
Unity gain frequency may be predicted by: 

_ 4 X 10-5 

f_ 100pF + CextpF (HZ) 


COMPENSATION 

For closed loop gains in excess of 10, no external compo- 
nents are required for frequency stability. However, for gains 
of 10 or less, a 0.01 /xF disc capacitor is recommended be- 
tween pin 7 (V+) and pin 8 (Comp). An improvement in ac 
PSRR will also be realized by use of the 0.01 jxF capacitor. 

OFFSET NULL 

In general, further nulling of LH0044 is neither necessary 
nor recommended. For most applications the specified ini- 
tial offset is sufficient. 

However, for those applications requiring additional null, an 
obvious temptation might be to place a pot between pins 1 
and 8 with the wiper returned to V+. This technique will 
usually result in reduced gain and increased offset drift due 
to mismatch in the TCR of the pot and R1 and R2. The 
technique is, therefore, not generally recommended. 

The recommended technique for offset nulling the LH0044 
is shown in Figure 2. Null is accomplished in A 2 and all 
errors are divided by the closed loop gain of the LH0044. 
Additional offset and drift incurred due to the use of A 2 is 
less than 1/xV/V for V+ and V~ changes and 0.01/xV/°C 
drift for the values shown in Figure 2. 


1 
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Typical Applications 


Buffered Output for Heavy Loads 

R f 



TL/K/5551 -6 


X1000 Instrumentation Amp 



Gain = g m R L 

:> 0.2 X 103 (Ri + R 2 ) for V| N £ 10 mV 
*Wire-wound resistors 

TL/K/5551 -7 


Precision Dual Tracking Regulator 



TL/K/5551 -8 


*Wire-wound for minimum drift. 

Line and load regulation ^ 0.005% 
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Typical Applications (Continued) 


10V Reference Supply 



— CELL 


TL/K/5551 -9 


Precision Instrumentation Amplifier 


Overall 

Gain 

Input Stage 
Gain 

Output Stage 
Gain 

XI 

XI 

XI 

X2 

XI 

X2 

X5 

XI 

X5 

XI 0 

XI 0 

XI 

X20 

XI 0 

X2 

X50 

XI 0 

X5 

XI 00 

XI 00 

XI 

X200 

XI 00 

X2 

X500 

XI 00 

X5 

X995 

XI 99 

X5 


Noise Test Circuit 


0.1 Hz HIGH PASS FILTER 10 Hz LOW PASS FILTER 



LH0044 




LH0044 


Noise Test Circuit (Continued) 



VERT: 200 nV/DIV 
HORIZ: 5SEC/DIV 


TL/K/5551-12 


Connection Diagram 


Metal Can Package 

COMP 



Top View 

Case is electrically isolated 


TL/K/5551-2 


Note: Compensation is not normally required. However, for maximum stabili- 
ty, a 0.01 /utF capacitor should be placed between pins 7 and 8 when device 
is used below closed loop gains of 10. 


Order Number LH0044H, LH0044CH, 
LH0044ACH or LH0044BH 
See NS Package Number H08B 
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National 
Semiconductor 
Corporation 

LH0045/LH0045C Two Wire Transmitter 

General Description 

The LH0045/LH0045C Two Wire Transmitters are linear in- 
tegrated circuits designed to convert the voltage from a sen- 
sor to a current, and send it through to a receiver, utilizing 
the same simple twisted pair as the supply voltage. 

The LH0045 and LH0045C contain an internal reference 
designed to power the sensor bridge, a sensitive input am- 
plifier, and an output current source. The output current 
scale can be adjusted to match the industry standards of 
4.0 mA to 20 mA or 1 0 mA to 50 mA. 

Designed for use with various sensors, the LH0045/ 

LH0045C will interface with thermocouples, strain gauges, 
or thermistors. The use of the power supply leads as the 
signal output eliminates two or three extra wires in remote 
signal applications. Also, current output minimizes suscepti- 
bility to voltage noise spikes and eliminates line drop prob- 
lems. 


Equivalent Schematic 


D2 



*Note: Pins shown are for the TL/K/5556-1 

12 pin to 8 (“G") package. 


The LH0045/LH0045C is intended to fulfill a wide variety of 
process control, instrumentation, and data acquisition appli- 
cations. The LH0045 is guaranteed over the temperature 
range of -55°C to -M25°C; whereas the LH0045C is guar- 
anteed from — 25°C to +85°C. 


Features 


■ High sensitivity 

> 10 juA/juV 

a Low input offset voltage 

1.0 mV 

m Low input bias current 

2.0 nA 

b Single supply operation 

10V to 50V 

ta Programmable bridge reference 

5.0V to 30V 

(LH0045G) 


□ Non-interactive span and null adjust 


□ Over compensation capability 


n Supply reversal protection 
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Absolute Maximum Ratings 




If Military/ Aerospace specified devices are required, 

Power Dissipation 


contact the National Semiconductor Sales 

Office/ 

LH0045G 

1.5W 

Distributors for availability and specifications. 


Operating Temperature Range 


(Note 2) 


LH0045 

— 55°C to + 1 25°C 

Supply Voltage (LI to common) 

+ 50V 

LH0045C 

— 25°C to +85°C 

Input Current 

+ 20 mA 

Storage Temperature Range 

— 65°Cto +150°C 

Input Voltage (Either Input to Common) 0V to Vref 

Lead Temperature (Soldering, 10 sec.) 

+ 260°C 

Differential Input Voltage 

±20V 

ESD rating to be determined. 


Output Current (Either LI or L2) 

50 mA 



Reference Output Current 

5.0 mA 




Electrical Characteristics (Notei) 


Parameter 

Conditions 

Limits 

Units 

LH0045 

LH0045C 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage (Vos) 

l s = 4.0 mA, T a = 25°C 

Is = 4.0 mA 


0.7 

2.0 

3.0 


2.0 

7.5 

10 

mV 

mV 

Offset Voltage Temperature 
Coefficient (A Vos/ AT) 

Is = 4.0 mA 





6.0 


jaV/°C 

Input Bias Current (Ir) 

T a = 25°C 





1.5 



Input Offset Current (Iqs) 

T a = 25°C 


0.05 

IS 



m 

nA 

nA 

Open Loop 

Transconductance (gMOL) 

Als = 4.0 mA to 20 mA 

Als = 10 mAto 50 mA 

106 

2X106 

107 

2X107 


106 

2X106 

107 

2X107 


juft 

ixtt 

Supply Voltage Range (Vs) 

LH0045G Pins 5 and 6 Open 

9.0 

15 


50 

50 

9.0 

15 


50 

50 

V 

V 

Input Voltage Range (Vin) 

LH0045G Pins 5 and 6 Open 

1.0 

1.0 


3.3 

7.6 

1.0 

1.0 


3.3 

7.6 

V 

V 

Open Loop Output 

Impedance (Rout) 

V s = 1 0V to 45V, l s = 4.0 mA, 
T a = 25°C 


1.0 



1.0 



Common Mode Rejection 

Ratio (CMRR) 

AV| N = 1.0V to 3.3V, 
l s = 12 mA 

0.1 

0.05 


0.1 

0.05 


mV/V 

Power Supply Rejection 

Ratio (PSRR) 

AV S = 10V to 45V, 

Is = 12 mA 

0.1 

0.01 


0.1 

0.01 


mV/V 

Open Loop Supply 

Current (I S ol) 

V s = 50V 


2.0 

3.0 


2.0 

3.0 

mA 

Reference Voltage Load 
Regulation (AVref/AIref) 

AIref = 0 mA to 2.0 mA, 

T a = 25°C, 


0.05 

0.2 


0.05 

0.2 

% 

Reference Voltage Line 
Regulation (AVref/AVs) 

AV S = 10V to 45V, 

T a = 25° C 


0.3 

0.5 


0.3 

0.7 

mV/V 

Reference Voltage T emperature 
Coefficient (AVref/AT) 

Iref = 2.0 mA 


0.004 



0.004 


%/°C 

Reference Voltage (Vref) 

Iref = 2.0 mA, T a = 25°C 
Iref = 2.0 mA, T a = 25°C, 
LH0045G Pins 5 and 6 Open 

4.3 

8.6 

5.1 

10.3 

5.9 

12 

4.3 

8.6 

5.1 

10.3 

5.9 

12 

V 

V 
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Electrical Characteristics (Note 1) (Continued) 





Limits 


Parameter 


Conditions 

LH0045 

LH0045C 

Units 




Min 

Typ 

Max 

Min 

Typ 

Max 


Resistor R9 

•s = 

12mA,T A = 25°C 

95 

100 

105 

95 

100 

105 

CL 

Average Temperature 
Coefficient of R9 (TCRg) 

l s = 

12 mA 


50 

300 


50 

300 

PPM/°C 

Resistor R5 

is = 

1.0 mA, T a = 25°C 

950 

1000 

1050 

950 

1000 

1050 

CL 

Average Temperature 
Coefficient of R5 (TCR 5 ) 

Is = 

1.0 mA 


50 

300 


50 

300 

PPM/°C 

Input Resistance (Rin) 

Ta = 

= 25° C 


50 



50 


Ma 


Note 1: Unless otherwise specified, these specifications apply for +10V £ Vs ^ +50V, pin 5 shorted to pin 6 on the LH0045G, over the temperature range 
— 55°C to + 1 25°C for the LH0045 and -25°C to +85°C for the LH0045C. 

Note 2: Refer to RETS 0045G for LH0045G military specifications. 


Connection Diagram 


L2 (V~) 



COMPENSATION 

Top View 

*Note: Pin 5 is shorted to Pin 6 to obtain a 
Nominal +5.1V, Vref- Left open Vref = +10V. 


TL/K/5556-2 


The case is isolated from the circuit 
for both to 3 and to 8. 

Order Number LH0045G or LH0045CG 
See NS Package Number G12B 
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Typical Performance Characteristics 


LH0045G Maximum Power 



TEMPERATURE (°C) 


Safe Operating Area 



0 10 20 30 40 50 

SUPPLY VOLTAGE (V) 



FREQUENCY (Hz) 


Input Currents 

2.0 
1.5 
5 1.0 
jjj 0.5 

i 0 

“ 0.15 
- 0.10 
0.05 
0 

-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 




Open Loop 
T ransconductance 



1.0 10 100 1.0k 10k 100k 1.0M 10M 100M 
FREQUENCY (Hz) 


cc 

S 


Power Supply Rejection 



10 100 1.0k 10k 100k 


Vref Line Regulation 



FREQUENCY (Hz) 


SUPPLY VOLTAGE (V) 


Variation of Vref with 
Temperature Normalized 



-75 -50 -25 0 25 50 75 100 125 
TEMPERATURE (°C) 



1.0k 10k 100k 

RESISTANCE BETWEEN PIN 5 AND PIN 3 (ft) 


-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Change in R9 with Temperature 
Normalized to 25°C 



TEMPERATURE (°C) 


TL/K/5556-3 
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Typical Applications 

Thermocouple Input Transmitter 


(5.1V) 



TL/K/5556-4 

For 1 ju.A Full Scale, R|n = V|n/1 jhA = Source Impedance @ Pin 11 

e.g., V| N (Full Scale) = 10 mV, R, N = 10k 

Bridge Impedance = 0.8k, R = 10k - 0.8k = 9.2k 


Resistance Bridge Input Transmitter 


(5.1V) 



TL/K/5556-5 
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Typical Applications (Continued) 


Electronic Temperature Sensor 












Applications Information 

CIRCUIT DESCRIPTION AND OPERATION 

A simplified schematic of the LH0045/LH0045C is shown in 
Figure 1. Differential amplifier, A 2 converts very low level 
signals to an output current via transistor Q1. Reference 
voltage diode D1 is used to supply voltage for operation of 
A 2 and to bias an external bridge. Current source 1^ mini- 
mizes fluctuation in the bridge reference voltage due to 
changes in Vs- 

In normal operation, the LH0045/LH0045C is used in con- 
junction with an external bridge comprised of Rbi through 
Rb 4 - The bridge resistors in conjunction with bridge return 
resistor, R5, bias A 2 in its linear region and sense the input 
signal; e.g. Rb 4 might be a strain sensitive resistor in a strain 
gauge bridge. Ry is adjusted to purposely unbalance the 
bridge for 4.0 mA output (null) for zero signal input. This is 
accomplished by forcing 2.5 jmA more through Rb 3 than 
R B 4- 

The 2.5 fxA imbalance causes a voltage rise of (2.5 p, A) x 
(100n) or 250 jaV at the top of R B 3 - Terminal L2 may be 
viewed as the output of an op amp whose closed loop gain 

is approximately Rf/R B 3 = 1600. 

The 250 ju,V rise at the top of R B 3 causes a voltage drop of 
(1600) X (250 juV) or -0.4V across R9. An output current, 
Is, equal to 0.4V/R9 or 4.0 mA is thus established in Q1. If 
R B 4 is now decreased by 1 .OH (due to application of a strain 
force), a -1.0 mV change in input voltage will result. This 
causes L2 to drop to -2.0V. The output current would then 
be 2.0V/100H or 20 mA (Full Scale). If R B 3 is a resistor of 
the same material as R B 4 but not subjected to the strain, 
temperature drift effects will be equal in the two legs and will 
cancel. 

In actual practice the loading effects of R B 2 on the gain 
(span) and Rp on output current must be taken into account. 


THERMAL CONSIDERATIONS 

The power output transistor of the LH0045 is thermally iso- 
lated from the signal amplifier, A 2 . Nevertheless, a change 
in the power dissipation will cause a change in the tempera- 
ture of the package and thus may cause amplifier drift. 
These temperature excursions may be minimized by careful 
heat sinking to hold the case temperature equal to the ambi- 
ent. With the TO-8 (G) package this is best accomplished by 
a clip-on heat sink such as the Thermalloy #2240A or the 
Wakefield #215-CB. The case is electrically isolated from 
the circuit. 

In addition, the power change can be minimized by operat- 
ing the device from relatively high supply voltages in series 
with a relatively high load resistance. When the signal 
forces the supply current higher, the voltage across the de- 
vice will be reduced and the internal power dissipation kept 
nearly equal to the low current, high voltage condition. 

For example, take the case of a 4.0 mA to 20 mA transmit- 
ter with a 24V supply and a 1 00fl load resistance. The pow- 
er at 4.0 mA is (23.6V) X (4.0 mA) = 94.4 mW while at full 
scale the power is (22V) X (20 mA) = 440 mW. The net 
change in power is 345 mW. This change in power will 
cause a change in temperature and thus a change in offset 
voltage of A 2 . 

If the optimum load resistance of 800fl (from Figure 2) is 
used, the power at null is [24V - (4.0 mA) x (800H)] 
(4.0 mA) = 83 mW. The power at full scale is [24V - 
(20 mA) x (800fl)] (20 mA) = 1 60 mW. The net change is 
77 mW. This change is significantly less than without the 
resistor. 


I s =4.0 mA (NULL, 0%) 

l s = 20mA (100% FULL SCALE) 



FIGURE 1. LH0045 Simplified Schematic 
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Applications Information (Continued) 

If the supply voltage is increased to 48V and the load resist- 
ance chosen to be the optimum value from Figure 2 (1 .95k), 
then the power at null is [48V - (4.0 mA) X (1.95k)] 
(4.0 mA) = 160.8 mW and the power at full scale is [48 - 
(20) x (1.95k)] (20 mA) = 180 mW for a net change of 



0 10 20 30 40 50 60 

SUPPLY VOLTAGE (V) 

TL/K/5556-10 

FIGURE 2. Optimum Load Resistance vs Supply Voltage 

Note that the optimized load resistance is actually the sum 
of the line resistance, receiver resistances and added exter- 
nal load resistance. However, in many applications the line 
resistance and receiver resistances are negligible compared 
to the added external load resistance and thus may be omit- 
ted in calculations. 

AUXILIARY PINS 

The LH0045 has several auxiliary pins designed to provide 
the user with enhanced flexibility and performance. The fol- 
lowing is a discussion of possible uses for these pins. 
Programmable V REF — Pins 5 and 6 
The LH0045G provides pins 5 and 6 to allow the user to 
program the value of the reference voltage. The factory 
trimmed 10V value is obtained by leaving 5 and 6 open. A 
short between 5 and 6 will program the reference to a nomi- 
nal 5.1V. 

A resistor or pot may be placed between pin 5 and common 
(pin 3) to obtain reference voltages between 10V and 30V 
or between pin 5 and pin 7 for reference voltages below 
10V. Increased reference voltage might be useful to extend 
the positive common mode range or to accommodate trans- 
ducers requiring higher supply voltage. A plot of resistance 
between pin 5 and pin 3 versus Vref is given in the typical 
electrical characteristics section. Vref may be adjusted 
about its nominal value by arranging a pot from Vref to 
common and feeding a resistor from the wiper into pin 5 so 
that it may either inject or extract current. Lastly, pin 5 may 
be used as a nominal 1 .7V reference point, if care is taken 
not to unduly load it with either DC current or capacitance. 
Obviously, higher supply voltages must be used to obtain 
the higher reference values. The minimum supply voltage to 
reference voltage differential is about 4.0V. 


Bridge Return 

An applications resistor is provided in the LH0045 with a 
nominal value of 1.0 kft. The primary application for the 
resistor is to maintain the minimum common mode input 
voltage (1 .0V) required by the signal amplifier, A 2 . A typical 
input application might utilize a strain gauge or thermistor 
bridge where the resistance of the sensor is 100H. Since 
only 1.0 mA may be drawn from Vref> the 1.0 kn bridge 
return resistor is used to bias A 2 in its linear region as 
shown in Figure 3. 


1.0 mA 



TL/K/5556-1 1 

FIGURE 3. Use of Bridge Return 
Over Compensation— Pin 8 

Over compensation of the signal amplifier, A 2 , may be desir- 
able in DC applications where the noise-bandwidth must be 
minimized. A capacitor should be placed between pin 8 and 
pin 3, common. 

Typically, 


2 77 1^ +C EX t) 

where: 

R = 400 Mft 

Cl = Internal Compensation Capacitor = 100 pF 
Cext = External (overcompensation) Capacitor 

Input Guard— Pins 9 and 12 

Pins 9 and 12 have no internal connection whatever and 
thus need not be used. In some critical low current applica- 
tions there may be an advantage to running a guard conduc- 
tor between the inputs and the adjacent pins to intercept 
stray leakage currents. Pins 9 and 1 2 may be connected to 
this guard to simplify the PC board layout and allow the 
guard to continue under the device. (See AN-63 for further 
discussion of guarding techniques.) 

NULL AND SPAN ADJUSTMENTS 

Most applications of the LH0045 will require potentiometers 
to trim the initial tolerances of the sensor, the external resis- 
tors and the LH0045 itself. The preferred adjustment proce- 
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dure is to stimulate the sensor, alternating between two 
known values, such as zero and full scale. The span and 
null are adjusted by monitoring the output current on a chart 
recorder, meter, or oscilloscope. A full scale stimulus is ap- 
plied to the sensor and the span potentiometer adjusted for 
the desired full scale. Then, to adjust the null, apply a zero 
percent signal to the sensor and adjust the null potentiome- 
ter for the desired zero percent current indication. 

If it is impractical to cycle the sensor during the calibration 
procedure, the signal may be simulated electrically with two 
cautions: 1) the calibration signal must be floating and 2) the 
calibration thus achieved does not account for sensor inac- 
curacies and/or errors in the signal generator. 

SENSOR SELECTION 

Generally it is easiest to use an insulated sensor. If it is 
necessary to use a grounded sensor, the power supply must 
be isolated from chassis ground to avoid extraneous circu- 
lating currents. 

DESIGN EXAMPLE 

There are numerous circuit configurations that may be uti- 
lized with the LH0045. The following is intended as a gener- 
al design example which may be extended to specific 
cases. 

Circuit Requirements 

Output Characteristics 

a. 0% = 4.0 mA (NULL) 

b. 100% = 20 mA (SPAN = 16 mA) 

c. Supply Voltage = 24V 

Input (Sensor) Characteristics 

a. Vin = 100 mV (Full Scale) 

b. Vin = 0 mV (Zero Scale) 

c. Source Impedance ^ 1.0ft 


General Characteristics 

a. 0°C <; T a ^ +75°C 

b. Overall Accuracy ^ 0.5% 



FIGURE 4. Design Example Circuit 


Selection of Rp 

Input bias current to the LH0045C is guaranteed less than 
10 nA. Furthermore, the change in Ib over the temperature 
range of interest is typically under 1.0 nA. If I 2 span is se- 
lected to be 1.0 ju,A (1000 Mb) errors due to Ale/ AT will be 
less than 0.1%. For SPAN = 16 mA. 


VsPAN = AV-, = —(16 mA)(R9) = - 1.6V 


where R9 = Internal Current Set Resistor = 100ft. 
For l 2 span = 1-0 fxA, 


m _ Vspan 

h F - 7 

'2 SPAN 


-1.6V 
1.0 jllA 


1.6M 


R f = 1.6 Mft 

Note: For applications with DC gain (ratio of feedback and input resistance) 
less than 8, it is recommended that a Schottky barrier diode be con- 
nected between pin 1 1 (cathode) and pin 3 (anode). This prevents the 
possibility of latch up resulting from the inverting input being forced 
beyond the amplifier supply voltage during power up. 

Selection of Rqi and Rb2 

The minimum input common mode voltage, Vmin required at 
the pin 10 input of A 2 is 1.0V. Furthermore, the maximum 
open loop supply current (Isol) drawn by the LH0045 is 
3.0 mA. That leaves Imin = 4.0 mA “ 3 -° mA = 1.0 mA left 
to bias the bridge at null. Hence: 


And, 


R B 2 


Vmin ; 
•min 


1.0V 
1.0 mA 


1.0 kft 


V REF r B2 =1W 

RbI + F{ B 2 


Rbi - 


Rb2 


VrEf - 1.0V 
1.0V 


- 1.0k (5.1 -1.0) 


Rri = 4.0 kft 

Alternatively, an LM113, 1.22V reference diode, or an op 
amp such as the LM108 may be used to bias the signal 
amplifier, kz, as shown in Figure 5. These techniques have 
the advantage of lowering the impedance seen at pin 10. 

Selection of Ros 

Rqs is selected to provide the null current of 4.0 mA, 
v i NULL = 4.0 mA X 100ft = 0.4V. From previous calcula- 
tions we know that Vmin = 1-0V. The voltage pin 1 1, V 2 is: 

V 2 = Vmin + v os - Vmin 


for V| N = OV 

Hence, the current required to generate the null voltage, 
>2 NULL is: 


>2 NULL = 


Vmin ~ v i null 


Rf 

1.0V -(-0.4V) A 

= = 0.875 julA 

1.6 Mft P 

This current must be provided by Rqs from Vref; hence: 


Ros 


: Vref ~ Vmin 

>2 NULL 
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5.1V 




FIGURE 5. Alternate Biasing Techniques 


The nominal value for Vref is 5.1V, therefore the nominal 
value for Rqs is: 


5.1V - 1.0V 

or 

0.875 juA 

Ros = 4.6 MH 

It should be noted however, that the variation of Vref may 
be as high as 5.9V or as low as 4.3V. Furthermore, the 
tolerances of R9 (100H), Rbi- Rb 2> and the input v OS of A 2 
would predict values for Rqs as low as 3.98M and as high 
as 5.43M. The implication is that in the specific case, Ros 
should be implemented with a pot, of appropriate value, in 
order to accommodate the tolerances of Vref. R9, v os. 
Rbi> Rb 2 > etc. 

Selection of R 

SPAN is required to be 1 6 mA. From feedback theory and 
the gain equation we know: 

'span = V| N ^ x ^ 


where: 

R = Total impedance in signal path between 
pin 10 and pin 11 

R9 = Current setting resistor = 100H 
V|n = Full scale input voltage = 100 mV 

■ n (Vin)(Rf) 

(■span (R9) 

(100 mV) (1.6 MO) 

(16 mA) (100H) 

R = 100 kft 

As before, uncertainties in device parameters might dictate 
that Rf be made a pot of appropriate value. 

Summary of the Steps to Determine External Resistor 
Values 

1. Select Ifull scale = Inull + Ispan for the de- 
sired application. (Inull frequently 4.0 mA and 
■full SCALE is frequently 20 mA.) 


2. Select I 2 span so that it is large compared to Ale- 
1000 Alg is a good value. 

3. Determine Vspan = AV 2 = (Ispan) (R9). 

4. Determine Rf = (Vspan/12 span) 

5. Select 


6 . 


R B 2 ^ 


R B 2 ^ 


V MIN 

•min 

IV 


•null - IsOL 


Where: 

V MIN = minimum common mode input voltage 
•min = minimum available bridge current 
•sol = maximum open loop supply current 
Determine 


7. 

8 . 


R B1 = r B2 


Vref ~ Vmin 
v min 


Determine V 2 NULL = Inull R9 
Determine 


•2 


NULL = 


Vmin ~ V2 null 
Rf 


9. Determine 


„ _ Vref ~ V M in 

Ros - — : 

•2 NULL 


10. Determine 


R = (Vin) (Rf) 

(•span) (R9) 

Where: 

V|n = Sensor full scale output voltage 
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ERROR BUDGET ANALYSIS 
Errors Due to Change in V REF (AV REF ) 

There are several factors which could cause a change in 
Vref- First, as the ambient temperature changes, a V RE f 
drift of ±0.2 mV/°C might be expected. Secondly, supply 
voltage variations could cause a 0.5 mV/V change in Vref- 
Lastly, self-heating due to power dissipation variations can 
cause drift of the reference. 

An overall expression for change in Vref is: 

A Vref ~ I(0)(APdISS) + AT A ] ~~r^ 

V V ' 


Thermal Effects 


+ 


AVref 

. AVs 
' 


(AV S ) 


Supply Voltage Effects 


Where: 

0 = Thermal resistance, either 
junction-to-ambient or junction- 
to-case 

APdiss = Change in avg. power dissipation 
ATa = Change in ambient temperature 
AVrff 

— — - = Reference voltage drift (in mV/°C) 


AVref 

— — - — = Line regulation of Vref 
AVs 

Several steps may be taken to minimize the bracketed 
terms in the equation above. For example, operating the 
LH0045G with a heat sink reduces the thermal resistance 
from 0jA = 83°C/W to 0jc = 60°C/W. The APdiss term 
may be significantly reduced using the power minimization 
technique described under “Thermal Considerations”. For 
the design example, APdiss is reduced from 384 mW to 
77 mW (R|_ = 800(1). Evaluating the LH0045G with a heat 
sink and R|_ = 800(1 yields. 

/ 60°C \f 0.2 mV \ 

AVref = (— (0.077W) + 75°C j 


0.5 mV 
+ V 


(16V) 


AVref = 24 mV 

An expression for error in the output current due to AVref 
is: 


AI S (%) = 1 0 Q (K)(Ros)(AVref) ~ (1 ~ K)(AVref)(RF) 
•SPAN (R9) (Ros) (•span 


Where: 


AVref = Total change in Vref 

K = R B2 

R B1 + R B2 

R9 = Current set resistor 

•span = Change in output current from 
0% to 100% 

For example, AVref = 24 mV , K = 0.2, R9 = 100(1, Ispan 
= 16 mA. Hence, a 0.12% worst case error might be ex- 
pected in output currents due to AVref effects. 

Error Due to Vqs Drift 

One of the primary causes of error in Is is caused by Vqs 
drift. Drift may be induced either by self heating of the de- 
vice or ambient temperature changes. The input offset volt- 
age drift, A Vqs/ AT, is nominally 3.3 jaV/°C per millivolt of 
initial offset. An expression for the total temperature depen- 
dent drift is: 


AVoq 

AVos= [(OKAPdiss) + AT a ]— 


Where: 


0 = Thermal resistance either junction- 
to-ambient or junction-to-case 

APdiss = Change in average power dissipation 

ATa = Change in ambient temperature 

The bracketed term may be minimized by heat sinking and 
using the power minimization technique described under 
“Thermal Considerations”. For the LH0045G design exam- 
ple, AVos — 0.352 mV under ambient conditions and 
0.263 mV using a heat sink and R|_ = 800(1. 

The error in output current due to AVqs is: 


AIq 

- — —(in %)= 100X 
•span 


V|N 


AVqs 

(FULL SCALE) 


= 100 X 


r F 

(R) (R9) Ospan) 


For the design example, AVqs = 0.263 mV, V|n (Full Scale) 
= 100 mV. Hence, 0.26 mV -f 100 mV or 0.26% worst 
case error could be expected in output current effects. 

Errors Due to Changes in R9 

The temperature coefficient of R9 (TCR) will produce errors 
in the output current. Changes in R9 may be caused by self- 
heating of the device or by ambient temperature changes. 


Ale AR9 

: (in %) = 100— — r(0 Pdiss + ATa) 

•span at 


Where: 


0 = Thermal resistance either from 

junction-to-ambient or junction-to- 
case 

APdiss = Change in average power dissipation 
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ATa = Change in ambient temperature 


Using the LH0045G design example, AR9/AT = 
0.03 %/°C, hence a 3.2% worst case error in output current 
might be expected for operation without a heat sink over the 
temperature range. 

Heat sinking the device and using Rl = 800ft, reduces 
AIs^SPAN to 2.3%. 

The error analysis indicates that the internal current set re- 
sistor, R9, is inadequate to satisfy high accuracy design cri- 
terion. In these instances, an external 100ft resistor should 
be substituted for R9. 

Obviously, the TCR of the resistor should be low. Metal film 
or wire-wound resistors are the best choice offering TCR’s 
less than 10 ppm/°C versus 50 ppm/°C typical drift for R9. 

External Causes of Error 

The components external to the LH0045 are also critical in 
determining errors. Specifically, the composition of resistors 
Rbi, Ros> Rf» R> etc. ' n design example will influence 
both drift and long term stability. 

In particular, resistors and potentiometers of wire wound 
construction are recommended. Also, metal-film resistors 
with low TCR (< 10 ppm/°C) may be used for fixed resistor 
applications. 

Error Analysis Summary 

The overall errors attributable to the LH0045 may be mini- 
mized using heat sinking, and utilization of an external load 
resistor. Although Rl reduces the compliance of the circuit, 
its use is generally advisable in precision applications. Ex- 
ternal components should be selected for low TCR and long 
term stability. 

The design example errors, using an external lOOfl wire 
wound resistor for R9 equal: 


The following or their equivalents are recommended: 
Sockets: 

G — 12-Lead TO-8: Barnes Corp. #MGX-1 2 
Textool #212-100-323 

Heat Sinks: 

G — 12-Lead TO-8: Thermalloy #2240A 
Wakefield #215-CB 

Definition of Terms 

Input Offset Voltage, Vqs^ The voltage which must be ap- 
plied between the input terminals through equal resistances 
to obtain 4.0 mA of supply (output) current. 

Input Bias Current, Ib: The average of the two input cur- 
rents. 

Input Offset Current, Iqs'* The difference in the current into 
the two input terminals when the supply (output) current is 
4.0 mA. 

Input Resistance, Rin: The ratio of the change in input 
voltage to the change in input current at either input with the 
other input connected to 1.0 Vdc- 
Open Loop Transconductance, 9 mol : The ratio of the 
supply (output) current SPAN to the input voltage required 
to produce that SPAN. 

Open Loop Output Resistance, Rout : The ratio of a spec- 
ified supply (output) voltage change to the resulting change 
in supply (output) current at the specified current level. 
Common Mode Rejection Ratio, CMRR: The ratio of the 
change in input offset voltage to the peak-to-peak input volt- 
age range. 

Power Supply Rejection Ratio, PSRR: The ratio of the 
change in input offset voltage to the change in supply (out- 
put) voltage producing it. 

Input Voltage Range, V|n: The range of voltages on the 
input terminals for which the device operates within specifi- 
cations. 


Als 

•span 


: 0.1 2% + 0.26% + 0.08% = 0.46% 

^ ^ ^ 

AVref AVqs AR9 


SOCKETS AND HEAT SINKS 


Mounting sockets, test sockets and heat sinks are available 
for the G package. 


Open Loop Supply Current, Is: The supply current re- 
quired with the signal amplifier A 2 biased off (inverting input 
positive, non-inverting input negative) and no load on the 
Vref terminal. 

This represents a measure of the minimum low end signal 
current. 

Reference Voltage Line Regulation, AVref/ AV s: The ra- 
tio of the change in Vref to the peak-to-peak change in 
supply (output) voltage producing it. 

Reference Voltage Load Regulaion, AVref/AIref : The 
change in Vref for a stipulated change in Iref- 
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Schematic and Connection Diagrams 


v* 



National 
Semiconductor 
Corporation 

LH0061/LH0061C 0.5 Amp 
Wide Band Operational Amplifier 

General Description 

The LH0061/LH0061C is a wide band, high speed, opera- 
tional amplifier capable of supplying currents in excess of 
0.5 ampere at voltage levels of ±12V. Output short circuit 
protection is set by external resistors, and compensation is 
accomplished with a single external capacitor. With a suit- 
able heat sink the device is rated at 20W. 

The wide bandwidth and high output power capabilities of 
the LH0061/LH0061C make it ideal for such applications as 
AC servos, deflection yoke drivers, capstan drivers, and au- 
dio amplifiers. The LH0061 is guaranteed over the tempera- 
ture range -55°C to +125°C; whereas, the LH0061C is 
guaranteed from -25°C to +85°C. 


Features 

E3 Output current 

■ Wide large signal bandwidth 

■ High slew rate 

B Low standby power 
m Low input current 



TL/K/6861-1 


TO-3 Package 

CASE IS 



Top View 


TL/K/6861-2 


Order Number LH0061CK 
See NS Package Number K08A 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


(Note 5) 

Supply Voltage ± 1 8V 

Power Dissipation See Curve 

Differential Input Current (Note 2) ± 1 0 mA 

Input Voltage (Note 3) ± 1 5V 


Peak Output Current 
Output Short Circuit Duration (Note 4) 
Operating Temperature Range 
LH0061 
LH0061C 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 
ESD rating to be determined. 


2A 

Continuous 

— 55°C to + 1 25°C 
— 25°C to +85°C 
-65°Cto + 150°C 
260°C 


DC Electrical Characteristics (Note d 




Limits 


Parameter 

Conditions 

LH0061 

LH0061C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Input Offset Voltage 

R s ^ 10 kn, Tc = 25°C, V s = ±15V 


1.0 

4.0 


3.0 

10 

mV 


R s <; iokn, v s = ± 15V 



6.0 



15 

mV 

Voltage Drift with Temperature 

Rg <M0 kfl 


5 



n 


jaV/°C 

Offset Voltage Change with Output Power 



5 



5 



Input Offset Current 

T C = 25°C 

m 



■ 


Ell 











Offset Current Drift with Temperature 



1 



1 


nA/°C 

Input Bias Current 

T C = 25°C 


100 

300 


200 

500 

nA 





1.0 



1.0 

/xA 

Input Resistance 

T C = 25°C 

0.3 

1.0 


Hci 

na 


Mn 

Input Capacitance 



3 



3 


PF 

Common Mode Rejection Ratio 

R s <; 10 kn, AV C m = ± iov 

70 

90 


60 

80 


dB 

Input Voltage Range 

Vg = ± 15V 

±11 



±11 



V 

Power Supply Rejection Ratio 

Rg ^ 10 kn, AVg = ± 10V 

70 

80 


50 

70 


dB 

Voltage Gain 

V s = ±15V, V 0 = ±10V 

R l = 1 kn, T c = 25°C 

Vg = +15V, V 0 = ±10V 

50 

100 


25 

50 


V/mV 


r l = 2on 

5 



2.5 



V/mV 

Output Voltage Swing 

Vg = ± 1 5V, R L = 20n 

±10 

±12 


±10 

±12 


V 

Output Short Circuit Current 

Vg = ±15V, T c = 25°C, R SC = 1.0n 


600 



600 


mA 

Power Supply Current 

Vg = ± 15V, Vqut = 0 


7 

10 


10 

15 


Power Consumption 

Vg = ± 1 5V, V 0U T — 0 


210 



ESI 

E33 
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AC Electrical Characteristics (t c = 25 c, v s = ±i 5 v,c c = 3000 p f> 




Limits 


Parameter 

Conditions 

LH0061 

LH0061C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Slew Rate 

Ay = +1, Ri_ = 100ft 

25 

70 


25 

70 


V/jus 

Power Bandwidth 

R L = 100ft 


1 



1 


MHz 

Small Signal Transient Response 



30 



30 


ns 

Small Signal Overshoot 



5 

20 


10 

30 

% 

Settling Time (0.1%) 

AV| N = 10V, A V = +1 


0.8 



0.8 


fXS 

Overload Recovery Time 



1 



1 


jllS 

Harmonic Distortion 

f = 1 kHz, P 0 = 0.5W 


0.2 



0.2 


% 


Note 1: Specifications apply for ±5V ^ Vs £ ±18V, Cc = 3000 pF, and -55°C £ Tc £ +125°C for the LH0061K and -25°C ^ Tc ^ +85°C for the 
LH0061CK. Typical values are for T c = 25°C. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Excessive current will flow if a differential voltage in excess of IV is applied 
between the inputs without limiting resistors. 

Note 3: For supply voltages less than ± 1 5V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: Rating applies as long as package power rating is not exceeded. 

Note 5: Refer to RETS0061K for LH0061K military specifications. 

Typical Performance Characteristics 


Power Derating 



Safe Operating Area 



-15 -10 -5 0 5 10 15 

OUTPUT VOLTAGE (V) 


Large Signal Frequency 
Response 



0.5M 1M 2M 5M 10M 20M 50M 

FREQUENCY (Hz) 

TL/K/6861 -3 


Typical Applications 
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National 
Semiconductor 
Corporation 

LH0062/LH0062C High Speed 
FET Operational Amplifier 

General Description 

The LH0062/LH0062C is a precision, high speed FET input 
operational amplifier with more than an order of magnitude 
improvement in slew rate and bandwidth over conventional 
FET 1C op amps. In addition it features very closely matched 
input characteristics, very high input impedance, and ultra 
low input currents with no compromise in noise, common 
mode rejection ratio or open loop gain. The device has inter- 
nal unity gain frequency compensation, thus assuring stabili- 
ty in all normal applications. This considerably simplifies its 
application, since no external components are necessary 
for operation. However, unlike most internally compensated 
amplifiers, external frequency compensation may be added 
for optimum performance. For inverting applications, feed- 
forward compensation will boost the slew rate to over 1 20 
V/jus and almost double the bandwidth. (See LB-2, LB-14, 
and LB-1 7 for discussions of the application of feed-forward 
techniques). Over-compensation can be used with the am- 
plifier for greater stability when maximum bandwidth is not 
needed. Further, a single capacitor can be added to reduce 
the 0.1% settling time to under 1 jus. In addition it is free of 
latch-up and may be simply offset nulled with negligible ef- 
fect on offset drift or CMRR. 


Schematic Diagram 


BALANCE /COMP 1 COMP 2 





TL/K/6862-1 

*Pin Numbers Shown for TO-5 Package 


The LH0062 is designed for applications requiring wide 
bandwidth, high slew rate and fast settling time while at the 
same time demanding the high input impedance and low 
input currents characteristic of FET inputs. Thus it is particu- 
larly suited for such applications as video amplifiers, sam- 
ple/hold circuits, high speed integrators, and buffers for 
A/D conversion and multiplex system. The LH0062 is speci- 
fied for the full military temperature range of -55° to 
+ 125°C while the LH0062C is specified to operate over a 
— 25°C to +85°C temperature range. 


Features 

■ High slew rate 
a Wide bandwidth 
b Settling time (0.1 %) 
a Low input offset voltage 
fl Low input offset current 
a Wide supply range 


70 V/jlls 
15 MHz 

1 juts 

2 mV 
1 pA 

±5V to ±20V 


Internal 6 dB/octave frequency compensation 
Pin compatible with std 1C op amps (TO-5 pkg) 
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Absolute Maximum Ratings 








If Military/Aerospace specified devices are required, 

Short Circuit Duration 



Continuous 

contact the National Semiconductor Sales Office/ 

Ooeratina TemDerature 





Distributors for availability and specifications. 

LH0062 



_ 

55°C to +125°C 

(Note 5) 


LH0062C 




— 25°C to +85°C 

Supply Voltage 

±20V 

Storage Temperature Range 

- 

65°C to +150°C 

Power Dissipation (see graph) 

500 mW 

Lead Temperature (Soldering, 10 sec.) 


260°C 

Input Voltage (Note 1) 

±5V 

ESD rating to be determined. 




Differential Input Voltage (Note 2) ± 30V 








DC Electrical Characteristics (Note 3) 










Limits 


Parameter 

Conditions 

LH0062 

LH0062C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Input Offset Voltage 

R s ^ 100 ka,T A = 25°C, 


2 

5 


10 

15 

mV 


R s ^ 100 ka 



7 



20 

mV 

Temperature Coefficient of 

Input Offset Voltage 

R s ^ 100 ka 


25 



25 


juV/°C 

Offset Voltage Drift with Time 



4 



5 


jaV/week 

Input Offset Current 

T a = 25°C 


0.2 

2 


1 

5 

pA 





2 



0.2 

nA 

Temperature Coefficient of 

Input Offset Current 


Doubles every 10°C 

Doubles every 10°C 


Offset Current Drift with Time 



0.1 



0.1 


pA/week 

Input Bias Current 

T a = 25°C 


5 

10 


10 

65 

pA 


(Note 4) 



10 



2 

nA 

Temperature Coefficient of 

Input Bias Current 


Doubles every 10°C 

Doubles every 1 0°C 


Differential Input Resistance 



1012 



1012 


a 

Common Mode Input Resistance 



1012 



1012 


a 

Input Capacitance 



4 



4 


PF 

Input Voltage Range 

V s = ± 15V 

±10 

±12 


±10 

±12 


V 

Common Mode Rejection Ratio 

Rg ^10 ka, V|f\j = ± 10V 

80 

90 


70 

90 


dB 

Supply Voltage Rejection Ratio 

R s <; io ka, ±5V<; v s < ±15V 

80 

90 


70 

90 


dB 

Large Signal Voltage Gain 

r l = 2 ka, Vqut = ±iov, 

T a = 25°C, V s = ± 15V 

50 

200 


25 

160 


V/mV 


R l = 2ka,V 0 uT = ±iov, 

V s = ±15V 

25 



25 



V/mV 

Output Voltage Swing 

R L = 2 ka, T a = 25°C, 

V s = ± 15V 

±12 

±13 


±12 

13 


V 


R l = 2ka, V s = ± 15V 

±10 



±10 



V 

Output Current Swing 

V 0 UT= ±10V,T a = 25°C 

±10 

±15 


±10 

±15 


mA 

Output Resistance 



75 



75 


a 

Output Short Circuit Current 

T a = 25°C 


25 



25 


mA 

Supply Current 

V s = +15V 


5 

8 


7 

12 

mA 

Power Consumption 

V s = ± 15V 



240 



360 

mW 
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AC Electrical Characteristics (t a = 25 °c, v s = ±isv) 




Limits 


Parameter 

Conditions 

LH0062 

LH0062C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Slew Rate 

Voltage Follower 

50 

70 


50 

70 


V/jLlS 

Large Signal Bandwidth 

Voltage Follower 


2 



2 


MHz 

Small Signal Bandwidth 



15 



15 


MHz 

Rise Time 



25 



25 


ns 

Overshoot 



10 



15 


% 

Settling Time (0.1%) 

> 

< 

z 

II 

1 


1 



1 


jU-S 

Overload Recovery 



0.9 



0.9 


JLLS 

Input Noise Voltage 

R s = 10kft,f o = 10 Hz 


150 



150 


nV/'/Hz 

Input Noise Voltage 

R s = 10 ka, f 0 = 100 Hz 


55 



55 


nV/VHz 

Input Noise Voltage 

R s = 10kQ,f o = 1 kHz 

1 

35 



35 


nV/y^Hz 

Input Noise Voltage 

R s = 10kft,f o = 10 kHz 


30 



30 


nV/i/Hz 

Input Noise Voltage 

BW = 10 Hz to 10 kHz, R s = 10 ka 


12 



12 


jLtVrms 

Input Noise Current 

BW = 10 Hz to 10 kHz 


<0.1 



<0.1 


pArms 


Note 1: For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 2: Inputs are protected from excessive voltages by back-to-back diodes. Input currents should be limited to 1 mA. 

Note 3: Unless otherwise specified, these specifications apply for ±5V £ Vs ^ ±20V and -55°C ^ Ta ^ + 125°C for the LH0062 and -25°C ^ Ta ^ +85 °C 
for the LH0062C. Typical values are given for Ta = 25°C. Power supplies should be bypassed with 0.1 ju.F ceramic capacitors. 

Note 4: Input currents are a strong function of temperature. Due to high speed testing they are specified at a junction temperature T = 25°C , self heating will 
cause an increase in current in manual tests. 25°C spec is guaranteed by testing at 125°C. 

Note 5: Refer to RETS0062X for LH0062D and LH0062H military specifications. 


Connection Diagrams 

Metal Can Package 

COMP 2 



Top View 


TL/K/6862-2 


Order Number LH0062H or LH0062CH 
See NS Package Number H08D 


Dual-In-Line Package 



Order Number LH0062D or LH0062CD 
See NS Package Number D14E 
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Typical Performance Characteristics 



TEMPERATURE ( C) 


T- TEMPERATURE ( U C) 


Large Signal Frequency 



0.SM 1M 2M SM 10M 2 DM 50M 



0 200 400 600 800 


120 

100 

S 80 

| 60 
u 

S 40 
h 

§ 20 
0 


-20 


FREQUENCY (Hz) 


TIME (ns) 


Large Signal Frequency 
Response 



1M 3M 10M 30M 100M 


FREQUENCY (Hz) 


Inverter Pulse Response 



-0.1 0.1 0.3 0.5 0.7 0.9 

TIME Us) 


120 

100 


1 80 



0 


-20 


Inverter Settling Time 




-55 -35 -15 5 25 45 65 85 105 125 


130 

120 

110 

^ 100 

* 90 

« n 

80 

70 

60 


TEMPERATURE (°C) 


Input Bias 

Current vs Temperature 



25 45 65 85 105 125 

T- TEMPERATURE ( U C) 


Open Loop Frequency 
Response 



10 100 Ik 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


Open Loop Frequency 
Response 


i — r 



10 100 Ik 10k 100k 1M 16M 10QM 

FREQUENCY (Hz) 


Voltage Follower Slew Rate 


POSITIVE SLEW 



^ J-L L U 

55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 
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LH0062/LH0062C 



LH0062/LH0062C 


Typical Performance Characteristics (Continued) 


Input Bias Current 



-10 -6 -2 2 6 10 
COMMON MODE INPUT VOLTAGE (V) 


Total Input Noise 



FREQUENCY (Hi) 


Total Input Noise Voltage* 



Ik 10k 100k 1M 10M 

SOURCE RESISTANCE (l >) 


Voltage Gain 



5 10 15 20 

SUPPLY VOLTAGE (*V) 


Supply Current 



5 10 15 20 

SUPPLY VOLTAGE (-V) 



Power Supply Rejection 



100 Ik 10k 100k 1M 10M 

FREQUENCY (Hi) 


Current Limiting 



0 5 10 15 20 25 


OUTPUT CURRENT (mA) 


Closed Loop Output 
Impedance 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hi) 


TL/K/6862-5 

* Noise Voltage Includes Contribution from Source Resistance 
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Auxiliary Circuits 

Feedforward Compensation for Greater 
Inverting Slew Ratet 


5K 



Offset Balancing 


V* 



TL/K/6862-7 


Isolating Large Capacitive Loads 


2 - 10 pF 



R F 



Boosting Output Drive to ± 100 mA 



TL/K/6862-10 



Typical Applications* 

Fast Voltage Follower 


5pF 



Fast Summing Amplifier 

10K 



Differential Amplifier 

1M 
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Typical Applications* (continued) 

High Speed Subtractor 


I 1 




TL/K/6862-16 


TL/K/6862— 15 


Wide Range AC Voltmeter 
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Typical Applications* (Continued) 


Video DC Restoring Amplifier 


R2 

10K 



’Pin numbers shown for TO-5 package 


TL/K/6862-18 


High Speed Positive Peak Detector 



Precision Integrator 



’Pin numbers shown for TO-5 package TL/K/6862-20 
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LH0062/LH0062C 


Typical Applications* (Continued) 

Precision Wide Range Current to Period Converter 



10- 11 10" 9 10" 7 10~ 5 10- 3 
INPUT CURRENT (AMPS) 

TL/K/6862-21 



TL/K/6862-22 


2-192 




National 

Semiconductor 

Corporation 


LH 0082 Optical Communication Receiver/ Amplifier 


General Description 

The LH0082 is a general purpose, low-noise, fiber-optic re- 
ceiver, which may also be used as a fast current to voltage 
converter, or as a high speed voltage amplifier. The circuit 
includes a wide-bandwidth FET-input amplifier, a 2.4V refer- 
ence, a comparator with hysteresis, and all the necessary 
resistors and capacitors for feedback and coupling, all inte- 
grated in a hermetic dual-in-line package. The large gain- 
bandwidth of the preamp enables fast response even with 
high capacitance photodiodes. A separate analog output 
permits the reception of analog signals to 20 MHz via a 
fiber-optic link. The internal comparator converts a low level 
analog signal to a CMOS/TTL compatible logic signal at 
data rates up to 5 Mbits/s NRZ. The LH0082 can be used 
with an external comparator at data rates to 40 Mbits/s. 

Features 

■ Single 4.5V to 12V supply 

■ 600 MHz unity gain bandwidth 

■ Low noise 

■ Low edge jitter 

■ <10 _ 9 bit error rate 


■ Low input bias current 

■ Pin selectable sensitivity: -45 dBm/ -35 dBm* 

■ CMOS/TTL compatibility 

■ Can be used with photodiodes, PIN photodiodes, pho- 
totransistors, avalanche photodiodes, and photomultipli- 
ers 

■ Hermetic dual-in-line metal package 

■ Highly versatile building block 

■ >21 dB dynamic range 

Applications 

■ Data terminals 

■ Secure communication 

■ Peripheral control/communication 
a Video transmission 

a Wideband amplifier 
a High speed current to voltage converter 
a Fiber-optic repeater 
b Video amplifier 
a Industrial machine control 

* Assumes 0.5 A/W PIN diode input 


Schematic Diagrams 


PREAMP COMPARATOR COMPARATOR 

Vcc V CC 



COMPARATOR OUTPUT 


HYSTERESIS 


COMPARATOR + 


REFERENCE 


Preamp 



TL/H/9325-1 
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LH0082 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, Storage Temperature -65°Cto +150°C 

contact the National Semiconductor Sales Office/ Operating Temperature Range (Note 2) 

Distributors for availability and specifications. LH0082CD -25°Cto +85°C 

(Note 1) Lead T emperature (Soldering, 10 sec.) 260°C 

Supply Voltage +15V | nputCu rrent ±10 mA 

Power Dissipation, T A = 25°C 0.5W ESD Susceptibility TBD 

Junction Temperature 1 50°C 

Electrical Characteristics Preamplifier: Power supply voltage = +5 Vpc, Ta = 25°C, see Figure 1 

Symbol 

Parameter 

Min 

Typ 

Max 

Units 

>b 

Input Bias Current 


100 

250 

pA 

C|N 

Input Capacitance 



5 

PF 

A V 

Voltage Gain 

50 

90 


V/V 

h dB 

-3 dB Frequency 


18 


MHz 

V Q 

Output Quiescent Voltage 

1.9 

2.1 

2.6 

V 

AVq/AT 

Output Quiescent Voltage Drift 
with Temperature 


-6 


mV/°C 

Zo 

Open Loop Output Impedance at 1 MHz 


30 


n 


Output Noise (1 0 Hz to 1 0 MHz) 


300 


jutV RMS 

Vo 

Output Swing (No Load) 


4.0 


Vp.p 


Transimpedance: 

Low Sensitivity 

High Sensitivity 

90 

0.9 

100 

1 

110 

1.1 


Is 

Supply Current 


22 

30 

mA 

Electrical Characteristics Comparator/Reference: Power supply voltage = +5 Vpc. Ta = 25°C, see Figure 2 

Symbol 

Parameter 

Min 

Typ 

Max 

Units 

Rin 

Comparator Input Resistance 
(to Reference) 

0.90 



k n 

Vhyst 

Hysteresis Voltage 

Positive 

Negative 

7 

5 

8.7 

6.9 

11.4 

8.8 

mV 

mV 

Ro 

Output Pull-up Resistor 

0.90 

1 

1.10 

kn 

Vr 

Reference Voltage 

2.2 

2.4 

2.6 

V 

AVr/AT 

Reference Voltage Drift with 
Temperature 


-2 


mV/°C 

Ro(Vref) 

Reference Voltage Output 
Resistance 


15 


n 

VOL 

(Iol = 3.2 mA) 


0.3 

0.5 

V 

VoH 

(lOH = “ 1 mA) 

3.8 

4 


V 

Tpd 

(V, N = 30 mV, V 0D = 15 mV) 


160 


ns 

Tr 

(C L = 3pF) 


80 


ns 

t f 

(C L = 3 pF) 


60 


ns 

Is 

Supply Current: 

Output High 

Output Low 

4.5 

9.5 

8 

13 

17 

22 

< < 
E E 
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Electrical Characteristics Fiber-Optic Receiver: Photodiode responsivity is assumed to be 0.5 A/W, capaci- 
tance of 10 pF at 2.5 V reverse bias, Vcc = 5V, Ta = 25°C, Cl = 15 pF 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 


High Sensitivity: Rp = 1 Mn, 

(see Figure 3 ) 

Input Power for 10 -9 BER 
(Bit Rate = 500 kbit NRZ) 


200 


nW 

*r> tf 

Analog Output Rise or Fall Time 


1.5 


juS 


Maximum Data Rate, NRZ, 

Digital Output 


650 


kbit/s 

Pn 

Noise Equivalent Power 


1 


nW 

■n 

Equivalent Input Noise Current 
(10 Hz to 10 MHz) 


300 


pARMS 


Low Sensitivity: Rp = 100 kn, 

(see Figure 4 ) 

Input Power for 1 0 - 9 BER 
(Bit Rate = 2 Mbit NRZ) 


800 


nW 

tr.tf 

Analog Output Rise or Fall Time 


50 


ns 


Maximum Data Rate, NRZ, 

Digital Output 


5 


Mbit/s 

Pn 

Noise Equivalent Power 


10 


nW 

■n 

Equivalent Input Noise Current 
(10 Hz to 10 MHz) 


3 


nARMS 

Is 

Total Supply Current 
(High or Low Sensitivity) 


35 


mA 


Note 1: Refer to RETS0082D for LH0082D/883 and LH0082D-MIL specifications. 
Note 2: For military temperature range, see RETS0082D. 

DIGITAL EDGE JITTER 

A potential problem in digital transmission systems is “edge 
jitter”. Jitter is related to the system rise time and receiver 
noise and can be approximated by the following equation: 

RMS edge _ System rise time (10% -90%) 

l itter (p/p signal voltage -s- RMS noise 

voltage in receiver) 


Optical Input 


Preamp output 
(20mV/div) 


TL/H/9325-4 


Fiber-Optic Receiver Preamp Response 

Rf= = 100 kn 

Photodiode capacitance = 1 0 pF, Vqc = 5 V 



Time (lOns/div) 


For a 5 Mbits/s NRZ operation using a 0.5 A/W PIN diode, 
the LH0082 requires a 2 juW peak optical power. This trans- 
lates to 120 mV peak-to-peak signal voltage. Following 
through this equation the RMS edge jitter of the LH0082 is 
inconsequential at approximately 0.1 jus. 
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LH0082 


Preamp Voltage Mode Pulse Response 


Input 
(1 mV/div) 

Output 
(20 mV/div) 


Small Signal 


TL/H/9325-5 




Optical Input 


Time (lOns/div) 


Preamp output 
(20 mV/div) 


TL/H/9325-6 
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Typical Performance Characteristics 


Open Loop Voltage Gain 


Reference Voltage 


Supply Current 




I I mini I I mini I mum 1 mmu -i&0 2 0 I I I 1 I 1 L 

Ok 1M 10M 100M 1G *4 5 6 7 


FREQUENCY (Hz) 


5 6 7 8 9 10 

COMPARATOR SUPPLY VOLTAGE (V) 



4 5 6 7 8 9 

PREAMP SUPPLY VOLTAGE (V) 


Response Time 


— Ta = 25°C - 
_ Rf = 100k£2_ 


b b 7 8 9 10 

PREAMP SUPPLY VOLTAGE 


Output Voltage 


UJ 50 

u 

u 

-j 

u 

U 







u 







t 2.3 

£ 

Ml 

uJJ 




!_ 





a. 


*o 40 



MM 


m 


_ 




=3 

o 

2.1 

E 

Q- 

_ 

5 


N 

■■ 

— 



H- 





i— 

z 

UJ 

1 30 

1 UJ 

DC 

Q. 

■ 



K9 










o 

UJ 

3 

a 

1.9 



-55-35-15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Comparator Supply 
Current (Output High) 


i R 


Ti = 55°C TO +125°C 



5 6 7 8 9 10 

SUPPLY VOLTAGE (V) 


Comparator Output 
Saturation Voltage 


T A = 25°C I 
- V CC = +5V f 


Preamp Input Spot 
Noise Voltage 


-TA = 25°Cf - 
-V CC = 5V 

-r f = 100 kQ 


IIIHIIIIIII 

IIIIIHIIIIIII 

IIIIIHHIIIII 

IIIIHIIIIIII 

llllHIIIIIII 
ppillllll 
Bii:!!"! 


Preamp Open Loop Voltage 
vs. Supply Voltage 



Ta = +75°C 
T a = +125°C 



e bu b b 
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Typical Performance Characteristics (Continued) 


Comparator Output 
Saturation Voltage 


800 

nr 

□ 






700 

Vcc 

=+s 

V 





|Z 




1a = 

=+i; 

5°C 

z 







1 

/ 

2 







z 

X 

V 


500 




r 


ta= 

:-55 

°c 




2 



z 



400 

















300 

z 

z 

z 

z 

z 

z 

z 

z 


OUTPUT CURRENT (mA) 


TL/H/9325-9 


itance photodiode possible for the application. When using 
phototransistors, only the collector-base junction should be 
used for fastest response. Additional sensitivity may be 
gained by using a phototransistor in the transistor mode, 
although this will result in slower circuit response, and poor 
DC stability due to beta multiplication of the dark current of 
the phototransistor. Avoid capacitive loading at the output of 
the comparator to achieve maximum data rates. 

Avalanche photodiodes can be used for improved sensitivity 
and speed. Overall speed is limited by the internal compara- 
tor. Use of an external comparator such as the LM160 will 
enable the full speed capability to be realized. This requires 
the use of an additional power supply, see Figure 5. 

For operations at higher data rates, Figure 5 shows the use 
of an external comparator to enable speeds to 50 Mbit NRZ. 
Figure 6, 7 and 8 demonstrate interfacing techniques to av- 
alanche photodiodes and phototransistors. 


Applications Information 

The gain-bandwidth of the LH0082 preamp is nearly 2 GHz, 
thus good bypassing of the supply voltage is necessary; a 
3.3 fj , F tantalum capacitor in parallel with a 0.01 jmF ceramic 
disc is recommended, placed as close as possible to the 
device pins. 

Careful shielding of pins 2, 13 and 14 is necessary if the 
LH0082 is used in a high noise environment. Minimize stray 
capacitance to pin 14 from ground, V<x or pin 3 to avoid 
slowing overall circuit response. Choose the lowest capac- 


With a few additional components, the LH0082 can be used 
as a repeater as shown in Figure 9. Interfacing to a micro- 
computer-bus, (i Figure 10), is also easy when the LH0082 is 
teamed with an INS8250 Asynchronous Communications 
Element. This provides a full duplex link capable of bit rates 
to 56 kbits/s NRZ. 

Analog data can be sent along a fiber-optic cable via digital 
means, {Figure 11). Low temperature drift can be obtained 
in the analog mode, by using the circuit shown in Figure 12. 


V C C= +5V 
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Applications Information (Continued) 


o.oi m f 



2-200 





Applications Information (Continued) 


0.01 mF 
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LH0082 




-150 TO -300 
VOLTS 


TL/H/9325-15 


FIGURE 6. Connection to Avalanche Photodiode 


2.2Q 



>2 









LH0082 


Applications Information (Continued) 
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LH0082 


Applications Information (Continued) 


3.3 (jF 2.2Q 



FIGURE 12. Low Temperature Drift Analog Receiver 


TL/H/9325-21 


Connection Diagram 


Dual-ln-Line Package 



■ PREAMP INPUT 
« RF1 

■ REFERENCE 

■ GND 

■ COMPARATOR OUTPUT 

■ COMPARATOR V C c 

■ NO CONNECTION 


Top View 

Order Number LH0082CD 
See NS Package Number D14F 


TL/H/9325-2 
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National 
Semiconductor 
Corporation 

LH0086/LH0086C 

Digitally-Programmable-Gain Amplifier 

General Description 

The LH0086 is a self-contained, high-accuracy, digitally-pro- 
grammable-gain amplifier. It consists of a FET-input opera- 
tional amplifier, a precision resistor ladder, and a digitally- 
programmable switch network. A three-bit TTL-compatible 
digital input selects accurate gain settings of 1 , 2, 5, 1 0, 20, 

50, 100, or 200. 

The LH0086 exhibits low offset voltage, high input imped- 
ance, fast settling, high power supply rejection ratio, and 
excellent gain accuracy and gain non-linearity. 

The LH0086 is specified for operation from -55°C to 
+ 125°C. The LH0086C is specified from -25°C to +85°C. 

Both devices are hermetically sealed in a 14-lead dual-in- 
line metal package. 


Features 

■ 0.01% maximum gain accuracy at gain = 1 

■ 0.005% typical gain non-linearity 

■ 1 ppm/°C typical gain drift 

■ 10 10 ft input impedance 

■ 80 dB minimum PSRR. 

■ TTL-compatible digital inputs 

■ 2 jas settling to 0.01 % 

Applications 

b Data acquisition systems 

■ Auto range DVMs 

a Adaptive servo loops 



Simplified Schematic and Connection Diagrams 



DuaMn-Line Package 




VtJUT (SENSE) 

6 


|_J 

7 

V |N+ 


□ 


L6ND 

■ FEEDBACK 

■ V|N- 

• OFFSET ADJ 


Top View 

CASE IS ELECTRICALLY ISOLATED 

Order Number LH0086D or LH0086CD 
See NS Package Number D14F 


TL/K/5657-1 


2 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


(Note 5) 

Vs Supply Voltage (Note 1 ) ± 1 8V 

V|n Analog Input Voltage (Note 2) ± 1 5V 

V||_(H) Digital Input Voltage -4V, +Vs 

Pd Power Dissipation 500 mW 

Output Short Circuit Duration Continuous 


Ta Operating Temperature Range: 
LH0086 
LH0086C 

Tstg Storage Temperature 
Lead Temperature 

(Soldering, 10 seconds) 

ESD rating to be determined. 


— 55°C to + 1 25°C 
— 25°C to +85°C 
— 65°C to + 1 50°C 

+ 300°C 


DC Electrical Characteristics 

Vg= ± 15V, R(_=10 kft, Tmin^ Ta ^ Tmax. Pin 10 connected to Pin 11, Pin 5 connected to Pin 6 (Non-inverting) 


Symbol 

Parameter 

Conditions 

LH0086 

LH0086C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input Offset Voltage 


Tj = 25°C 


0.3 

5.0 


0.3 

10 

mV 





7.0 



13 

V 0S /AT 

Input Offset Voltage 

Change with Temperature 

> 

o 

II 

z 

> 


10 



10 


jutV/°C 

>B 

Input Bias Current 

(Notes 3, 4) 

Tj = 25°C 


100 

500 


100 

500 






500 



100 

Rin 

Input Resistance 



10 



10 



V| N 

Input Voltage Range 


±10 

±11.5 


±10 

±11.5 


v 

A V 

Voltage Gain 

See Table 1 

for Digital Gain- 

Control Codes 


1.0 



1.0 


v/v 


2.0 



2.0 



5.0 



5.0 



10 



10 



20 



20 



50 



50 



100 



100 



200 



200 



Gain Error 

A v =1 

Ay = 2,5 

A v =10,20 

Ay= 50,100,200 

T a = 25°C 


0.003 

0.03 

0.05 

0.1 

0.01 

0.05 

0.1 

0.3 


0.003 

0.05 

0.1 

0.15 

0.03 

0.1 

0.2 

0.4 

% 



Ay = 1 

Ay = 2,5 

Ay =10,20 

Ay = 50,100,200 



0.02 

0.1 

0.2 

0.4 


0.003 

0.05 

0.1 

0.15 

0.06 

0.2 

0.3 

0.5 


Gain Non-Linearity 

Ay = 1 

T a = 25°C 


0.002 



0.002 


% 




0.005 



0.005 


A Ay/ AT 

Gain Temperature Coefficient 

II 

> 

< 


1.0 



1.0 


ppm/°C 

PSRR 

Power Supply Rejection Ratio 

±8V ^V s £±18V 

80 

90 


70 

90 


dB 

v 0 

Output Voltage Swing 

r l ;> io kn 

±10 

±12 


±10 

±12 


V 


Note 1: Improper supply power-on sequence may damage the device. See Power Supply Connection Section under Applications Information. 

Note 2: for supply voltages less than ±15V the maximum input voltage is equal to the supply voltage. 

Note 3: Due to short production test time, these parameters are specified at junction temperature, Tj = 25°C. In normal operation the junction temperature rises 
above the ambient temperature, Ta, as a result of the internal power dissipation, PD. Tj = Ta+0ja><PD where 0ja is the thermal resistance from junction to 
ambient (typically 65°C/W). 

Note 4: The input bias currents are junction leakage currents which approximately double for every 10°C increase in junction temperature. 

Note 5: Refer to RETS0086D for LH0086D military specifications. 
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DC Electrical Characteristics (Continued) 


Vs= ±15V, R|_=10 ka, Tmin^ Ta ^ Tjviax> Pin 10 connected to Pin 11, Pin 5 connected to Pin 6 (Non-inverting). 


Symbol 

Parameter 

Conditions 

LH0086 

LH0086C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

isc 

Output Short-Circuit Current 

T a = 25°C 

±5 

±18 

±40 

±5 

±18 

±40 

mA 


±2 


±40 

±2 


±40 

Ro 

Output Resistance 

a vcl= 1 


0.05 



0.05 


a 

V |L 

Digital “0” Input Voltage 




0.7 



0.7 

V 

V| H 

Digital “1” Input Voltage 


2.0 



2.0 



IlL 

Digital “0” Input Current 

V| N = 0.4V 


1.5 

4.0 


1.5 

4.0 

juA 

l|H 

Digital “1” Input Current 

V in = 2.4V 


0.01 



0.01 


Vs 

Supply Voltage Range 


±8.0 


±18 

±8.0 


±18 

V 

l s (+) 

Positive Supply Current 

V S =±18V 


8.5 

15.5 


8.5 

15.5 

mA 

l s (-) 

Negative Supply Current 


-4.5 

-8.5 


-4.5 

-8.5 


AC Electrical Characteristics 

Vs= ±15V, Ta = 25°C, R|_=10 ka, Pin 10 connected to Pin 11, Pin 5 connected to Pin 6 (Non-Inverting) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

BW 

Small Signal Bandwidth 


A v = 1 


3000 





— 3 dB 

o 

LO 

II 

< 


60 






A v = 200 


15 


kHz 




A v = 1 


425 




-1% 

A v = 50 


8.5 






Ay =200 


2 



PBW 

Power Bandwidth 

V 0 = ±10V 


159 


kHz 

SR 

Slew Rate 


10 


V/jLLS 




A v = 1 


2.5 



*S 

Settling Time {Figure 7) 0.01 % 

AV o = 20V 

A v = 50 


20 


fxs 




A v = 200 


75 


flS 

*s 

Settling Time After Gain 

Change 



10 



®N 

Equivalent Input Noise 

R s =iooa 

Ay = 100 

BW = 0.1-10 Hz 


3 


fiVp-p 


Voltage {Figure 6) 

f=1 kHz 


25 


nV/l/Hz 

In 

Equivalent Input Noise Current 



0.01 


pA/\/Hz 
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Applications Information 


Theory of Operation 

The LH0086 is a digitally programmable gain amplifier with 
3-bit digital gain control. It contains a FET-input operational 
amplifier, a precision resistor ladder, and a digitally program- 
mable switch network. 


The LH0086 was designed for use in a non-inverting config- 
uration, thus the following discussion covers the LH0086 as 
used as a non-inverting amplifier. The gain of the LH0086 is 
given by the familiar gain equation of a non-inverting amplifier. 


» v -i + a 


Each gain step is set by the ratio of the ladder resistors. The 
resistor ladder is constructed with high stability, low temper- 
ature-coefficient resistors precision laser-trimmed to the re- 
quired values. FET switches are used to select the desired 
ratio. Since the FET switches are in series with the opera- 
tional amplifier input, their “on resistance” and temperature 
drift do not degrade amplifier accuracy. The FET switches 
are selected by a 1 of 8 decoder, by applying the proper 
logic levels at digital inputs DO, D1, and D2. The gains are 
set as given in Table I. 


TABLE I. Gain-Control Codes 


Gain 

D2 

D1 

DO 

1 

0 

0 

0 

2 

0 

0 

1 

5 

0 

1 

0 

10 

0 

1 

1 

20 

1 

0 

0 

50 

1 

0 

1 

100 

1 

1 

0 

200 

1 

1 

1 


Power Supply Connection 

Proper power supply connections are shown in Figure 1. 
The power supplies should be bypassed to ground as close 
as possible to device supply pins. For most applications, the 
bypass capacitor should be 0.1 juF. 


v+ 



‘GERMANIUM OR SCHOTTKY 

FIGURE 1. Power Supply and Ground Connections 


Care must be taken in the power-on sequence. The LH0086 
may suffer irreversible damage if the V+ supply is applied 
prior to the powering on of the V - supply. In most applica- 
tions using dual-tracking supplies and with the device supply 
pins adequately bypassed, this will not present a problem. If 
this cannot be guaranteed, a germanium or Schottky protec- 
tion diode should be connected between the digital ground 
pin and the V - pin as shown in Figure 1. 

Grounding Considerations 

Care should be taken in the connection of digital and analog 
grounds. Digital switching currents can introduce noise on 
the analog ground pin. If possible, both grounds should go 
to a ground plane beneath the device, otherwise each 
ground should be run separately to a single point ground. 
The idea is to keep digital current from passing through the 
analog ground line. If long ground leads are used, diode 
clamps should be placed as close to the device as possible 
{Figure 1 ). 

Programmable Attenuator 

The LH0086 may be used as a programmable attenuator 
when connected as in Figure 2. The accuracy of this attenu- 
ator will be typically 0.1 %. 

Note: Max. V|n = ±11 Volts. 



FIGURE 2. Programmable Attenuator 
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Applications Information (Continued) 


TABLE II. Attenuator Codes 


D2 

D1 

DO 

Attenuation 

0 

0 

0 

1 

0 

0 

1 

2 

0 

1 

0 

5 

0 

1 

1 

10 

1 

0 

0 

20 

1 

0 

1 

50 

1 

1 

0 

100 

1 

1 

1 

200 


Inverting Mode 

The LH0086 may be used in the inverting mode, however, 
there are several design considerations. 

1. Input resistance is low at high gains (see gain chart for 
input resistance at each gain). 


TABLE III. Inverting Gain Chart 


D2 

D1 

DO 

Gain 

Rin (^) 

0 

0 

0 

A v = 0 

30k 

0 

0 

1 

A V =1 

15k 

0 

1 

0 

■'t 

II 

< 

6k 

0 

1 

1 

A v — 9 

3k 

1 

0 

0 

A v = 19 

1.5k 

1 

0 

1 

A v = 49 

600 

1 

1 

0 

> 

< 

II 

CD 

CO 

300 

1 

1 

1 

A v =199 

150 


Remote Output Sense 

The Vout sense pin of the LH0086 should be connected at 
the load in order to eliminate errors due to lead resistance. 
In any case the output sense and output force must be tied 
together at some point. See Figure 4. 


2. Each gain step gets a one subtracted from the non-invert- 
ing gain. (See inverting gain chart for available gains.) 

3. The first gain step (digital code of 000) cannot be used 
because the output will remain at virtual ground regard- 
less of the input. 





FIGURE 4. Remote Output Sense FIGURE 5. Offset Adjustment 



FIGURE 6. Noise Measurement Circuit 


FIGURE 3. LH0086 Inverting Gain Configuration 
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Definition of Terms 


Vos Offset Voltage: The voltage that must be ap- 
plied to force the output to 0 volts. 

Ib Input Bias Current: The current into Pin 7 with 

the device connected in the non-inverting config- 
uration. 

Rin Input Resistance: The ratio of the change in in- 
put voltage to the change in input current on ei- 
ther input with the other grounded. 

V| N Input Voltage Range: The voltage range for 
which the device is operational. 

PSRR Power Supply Rejection Ratio: The ratio of the 
specified change in supply voltage to the change 
in input offset voltage over this range. 

Ay Voltage Gain: The ratio of output voltage change 
to the input voltage change producing it. 

Gain Error: The deviation in percent between the 
ideal voltage gain and the value obtained when 
the device is configured for that gain. 

Gain Non-Linearity: The deviation of the gain 
from a straight line drawn through the end-points 
expressed as a percent of full scale (10V for op- 
eration with ±15V supplies). For testing pur- 
poses it is the difference between positive swing 
gain (0V to 10V) and average gain ( - 10V to 10V) 
or between negative swing gain (0V to —10V) 
and average gain. 

Vq Output Voltage Swing: The peak output voltage 
swing referenced to ground into specified load. 

lo(SC) Output Short-Circuit Current: The current sup- 
plied by the device with the output connected di- 
rectly to ground. 

Rq Closed Loop Output Resistance: The ratio of 
change in output voltage to change to output cur- 
rent at a specific gain. 

Vs Supply Voltage Range: The supply voltage 
range for which the device is operational. 

Is Supply Current: The current required from the 

supply to operate the device with no load and 
with the analog as well as the digital inputs at 0V. 


Pd Power Dissipation: The power dissipated in the 
device with no load and with the analog as well 
as the digital inputs at 0V. 

Vih Digital “1” Input Voltage: Minimum voltage re- 
quired at the digital input to guarantee a high log- 
ic state. 

Vil Digital “0” Input Voltage: The current into a dig- 
ital input at specified logic level. 

AVqs/AT Average Input Offset Voltage Drift: The ratio 
of input offset voltage change from 25°C to either 
temperature extreme divided by the temperature 
range. 

AA V /AT Average Gain Temperature Coefficient: The 

ratio in gain from 25°C to either temperature ex- 
treme divided by the temperature range. 

BW Bandwidth: The frequency at which the voltage 
gain is reduced to 3 dB below the low frequency 
value. 

PBW Power Bandwidth: Maximum frequency for 
which the output swing is a large signal sine- 
wave without noticeable distortion. 

SR Slew Rate: The internally limited rate of change 
in output voltage with a large amplitude step 
function applied at the input. 

ts Settling Time: The time between the initiation of 

an input step function and the time when the out- 
put voltage has settled to within a specified error 
band of the final output voltage. 

Gain Switching Time: The time between the ini- 
tiation of a gain logic change and the time when 
the final gain switches are closed. It includes 
overdrive recovery time, but not settling to final 
value. 

eu Equivalent Input Noise Voltage: The rms or 

peak noise voltage referred to the input (RTI) 
over a specified frequency band. 

iu Equivalent Input Noise Current: The rms or 

peak noise current referred to the input (RTI) 
over a specified frequency band. 
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National 

Semiconductor 

Corporation 


LH0101/LH0101C, LH0101A/LH0101AC 
Power Operational Amplifier 


General Description 

The LH0101 is a wideband power operational amplifier fea- 
turing FET inputs, internal compensation, virtually no cross- 
over distortion, and rapid settling time. These features make 
the LH0101 an ideal choice for DC or AC servo amplifiers, 
deflection yoke drives, programmable power supplies, and 
disk head positioner amplifiers. The LH0101 is packaged in 
an 8 pin TO-3 hermetic package, rated at 60 watts with a 
suitable heat sink. 


Features 

■ 5 Amp peak, 2 Amp continuous output current 

■ 300 kHz power bandwidth 

■ 850 mW standby power (±15V supplies) 

■ 300 pA input bias current 

■ 1 0 V/juls slew rate 

■ Virtually no crossover distortion 

■ 2 jus settling time to 0.01% 

■ 5 MHz gain bandwidth 


Schematic and Connection Diagrams 




V+ 
SC + 


OUTPUT (CASE) 


SC- 


V- 


TL/K/5558-1 



Order Numbers LH0101K, 
LH0101CK, LH0101AK or 
LH0101ACK 

See NS Package Number K08A 

Note: Electrically connected internally, no 
connection should be made to pin. 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 5) 

Supply Voltage, V s ± 22V 

Power Dissipation at T A = 25°C, Pq 5W 

Derate linearly at 25°C/W to zero at 1 50°C, 

Power Dissipation at Tc = 25°C 62W 

Derate linearly at 2°C/W to zero at 1 50°C 
Differential Input Voltage, V| N ±40V but < ± Vs 

Input Voltage Range, Vqm ±20V but < ± V s 

Thermal Resistance — 

See Typical Performance Characteristics 


Peak Output Current (50 ms pulse), lo(PK) 5A 

Output Short Circuit Duration 
(within rated power dissipation, 

Rsc = 0.35n, T a = 25°C) Continuous 


Operating Temperature Range, T A 
LH0101AC, LH0101C 
LH0101A, LH0101 
Storage Temperature Range, Tstg 
M aximum Junction Temperature, Tj 
Lead Temperature (Soldering <10 sec.) 


— 25°C to +85°C 
— 55°C to + 1 25°C 
— 65°C to + 150°C 
150°C 
260°C 


ESD rating to be determined. 


DC Electrical Characteristics (Notel)Vs = ±15V, T A = 25°C unless otherwise noted 


Symbol 

Parameter 

Conditions 


LH0101AC 

LH0101A 

LH0101C 

LH0101 

Units 






Min 

Typ 

Max 

Min 

Typ 

Max 


Vos 

Input Offset Voltage 



1 

3 


5 

10 

mV 



TmIN ^ T a < Tmax 



7 



15 

av os /ap d 

Change in 

Input Offset Voltage 
with Dissipated Power 

(Note 2) 


150 



300 


(J.V/W 

AVqs/AT 

Change in 

Input Offset Voltage 
with Temperature 

e? 

S 

II 

o 


10 



10 


jllV/°C 

Ib 

Input Bias Current 






300 



1000 

pA 




Ta ^ t max 

LH0101C/AC 



60 



60 

nA 




LH0101/A 



300 



1000 

•os 

Input Offset Current 






75 



250 

P A 




t a ^ t max 

LH0101C/AC 



15 



15 

nA 




LH0101/A 



75 



250 

a vol 

Large Signal 

Voltage Gain 

v 0 = ±iovr l = ion 

50 

200 


50 

200 


V/mV 

Vo 

Output Voltage Swing 

Rsc = 0 

r l = loon 

+ 12 

±12.5 


±12 

±12.5 





£ 

II 

+ 

r l = ion 

±11.25 

±11.6 


±11.25 

±11.6 


V 



Note 3 

Ri_ = 5n 

±10.5 

±11 


±10.5 

±11 



CMRR 

Common Mode 
Rejection Ratio 

AV| N = ±10V 

85 

100 


85 

100 


dB 

PSRR 

Power Supply 
Rejection Ratio 

A V s = ± 5V to ± 1 5V 

85 

100 


85 

100 


is 

Quiescent Supply 
Current 



28 

35 


28 

35 

mA 
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AC Electrical Characteristics (Note i>, v s = ±isv, t a = 25-c 


Symbol 

Parameter 

Conditions 

LH0101 

LH0101A 

LH0101C 

LH0101AC 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

e n 

Equivalent Input 

Noise Voltage 

f = 1 kHz 


25 



25 


nWHz 

C|N 

Input Capacitance 

f = 1 MHz 


3.0 



3.0 


PF 


Power Bandwidth, -3 dB 

R L = 10 Ct 

A v = + 1 


300 



300 


kHz 

SR 

Slew Rate 

7.5 

(Note 4) 

10 



10 


V/jULS 

tr. tf 

Small Signal Rise or 

Fall Time 


200 



200 

l 

ns 


Small Signal Overshoot 


10 



10 


% 

GBW 

Gain-Bandwidth Product 

R[_ = °o 

4.0 

(Note 4) 

5.0 



5.0 


MHz 

t s 

Large Signal Settling 

Time to 0.01 % 


2.0 



2.0 


flS 

THD 

Total Harmonic Distortion 

P 0 = 10W,f = 1 kHz 

R L = ion 


0.008 



0.008 


% 


Note 1: Specification is at Ta = 25°C. Actual values at operating temperature may differ from the Ta = 25°C value. When supply voltages are ±15V, quiescent 
operating junction temperature will rise approximately 20°C without heat sinking. Accordingly, Vqs may change 0.5 mV and Ib and los will change significantly 
during warm-ups. Refer to the Ib vs. temperature and power dissipation graphs for expected values. Power supply voltage is ± 1 5V. Temperature tests are made 
only at extremes. 

Note 2: Change in offset voltage with dissipated power is due entirely to average device temperature rise and not to differential thermal feedback effects. Test is 
performed without any heat sink. 

Note 3: At light loads, the output swing may be limited by the second stage rather than the output stage. See the application section under “Output swing 
enhancement” for hints on how to obtain extended operation. 

Note 4: These parameters are sample tested to 10% LTPD. 

Note 5: Refer to RETS0101AK for the LH0101AK military specifications and RETS0101K for the LH0101K military specifications. 
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PSRR, POWER SUPPLY REJECTION RATIO (dB) Ay, GAIN (dB) Ifi, INPUT BIAS CURRENT (pA) Pp, POWER DISSIPATION (W) 
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Typical Performance Characteristics (Continued) 



1 10 ioa 1000 

GAIN (V/V) 


Output Voltage Swing vs. 
Load Resistance 



1 10 100 
RL. LOAD RESISTANCE (Q) 



Output Voltage Swing 



±5 ±10 ±15 ±20 ±25 

Vs, POWER SUPPLY VOLTAGE (V) 


20.0 
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Open-Loop Output Resistance 
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Short Circuit Current 
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RSC, CURRENT LIMIT RESISTOR (Q) 

TL/K/5558-4 


Small Signal Pulse Response (No Load) 


Large Signal Pulse Response (R|_ = 1011) 




TL/K/5558-5 
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Application Hints 

Input Voltages 

The LH0101 operational amplifier contains JFET input de- 
vices which exhibit high reverse breakdown voltages from 
gate to source or drain. This eliminates the need for input 
clamp diodes, so that high differential input voltages may be 
applied without a large increase in input current. However, 
neither input voltage should be allowed to exceed the nega- 
tive supply as the resultant high current flow may destroy 
the unit. 

Exceeding the negative common-mode limit on either input 
will cause a reversal of the phase to the output and force 
the amplifier output to the corresponding high or low state. 
Exceeding the negative common-mode limit on both inputs 
will force the amplifier output to a high state. In neither case 
does a latch occur since raising the input back within the 
common-mode range again puts the input stage and thus 
the amplifier in a normal operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

These amplifiers will operate with the common-mode input 
voltage equal to the positive supply. In fact, the common- 
mode voltage may exceed the positive supply by approxi- 
mately 100 mV, independent of supply voltage and over the 
full operating temperature range. The positive supply may 
therefore be used as a reference on an input as, for exam- 
ple, in a supply current monitor and/or limiter. 

With the LH0101 there is a temptation to remove the bias 
current compensation resistor normally used on the non-in- 
verting input of a summing amplifier. Direct connection of 
the inputs to ground or a low-impedance voltage source is 
not recommended with supply voltages greater than 3V. 
The potential problem involves loss of one supply which can 
cause excessive current in the second supply. Destruction 
of the 1C could result if the current to the inputs of the de- 
vice is not limited to less than 100 mA or if there is much 
more than 1 julF bypass on the supply buss. 

Although difficulties can be largely avoided by installing 
clamp diodes across the supply lines on every PC board, a 
conservative design would include enough resistance in the 
input lead to limit current to 10 mA if the input lead is pulled 
to either supply by internal currents. This precaution is by no 
means limited to the LH0101. 

Layout Considerations 

When working with circuitry capable of resolving pico-am- 
pere level signals, leakage currents in circuitry external to 
the op amp can significantly degrade performance. High 
quality insulation is a must (Kel-F and Teflon rate high). 
Proper cleaning of all insulating surfaces to remove fluxes 
and other residues is also required. This includes the 1C 
package as well as sockets and printed circuit boards. 
When operating in high humidity environments or near 0°C, 
some form of surface coating may be necessary to provide 
a moisture barrier. 

The effects of board leakage can be minimized by encircling 
the input circuitry with a conductive guard ring operated at a 
potential close to that of the inputs. 


Electrostatic shielding of high impedance circuitry is advisa- 
ble. 

Error voltages can also be generated in the external circuit- 
ry. Thermocouples formed between dissimilar metals can 
cause hundreds of microvolts of error in the presence of 
temperature gradients. 

Since the LH0101 can deliver large output currents, careful 
attention should be paid to power supply, power supply by- 
passing and load currents. Incorrect grounding of signal in- 
puts and load can cause significant errors. 

Every attempt should be made to achieve a single point 
ground system as shown in the figure below. 



Bypass capacitor Cbx should be used if the lead lengths of 
bypass capacitors Cg are long. If a single point ground sys- 
tem is not possible, keep signal, load, and power supply 
from intermingling as much as possible. For further informa- 
tion on proper grounding techniques refer to “Grounding 
and Shielding Techniques in Instrumentation” by Morrison, 
and “Noise Reduction Techniques in Electronic Systems” 
by Ott (both published by John Wiley and Sons). 

Leads or PC board traces to the supply pins, short-circuit 
current limit pins, and the output pin must be substantial 
enough to handle the high currents that the LH0101 is capa- 
ble of producing. 

Short Circuit Current Limiting 

Should current limiting of the output not be necessary, SC + 
should be shorted to V+ and SC- should be shorted to 
V — . Remember that the short circuit current limit is depen- 
dent upon the total resistance seen between the supply and 
current limit pins. This total resistance includes the desired 
resistor plus leads, PC Board traces, and solder joints.* As- 
suming a zero TCR current limit resistor, typical temperature 
coefficient of the short circuit will be approximately .3%. 

0.6 

’Short circuit current will be limited to approximately — — . 
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Application Hints (Continued) 

Thermal Resistance 

The thermal resistance between two points of a conductive 
system is expressed as: 

012 = “p 0 C/W 

where subscript order indicates the direction of heat flow. A 
simplified heat transfer circuit for a cased semiconductor 
and heat sink system is shown in the figure below. 

The circuit is valid only if the system is in thermal equilibrium 
(constant heat flow) and there are, indeed, single specific 
temperatures Tj, Tc and Ts (no temperature distribution in 
junction, case, or heat sink). Nevertheless, this is a reason- 
able approximation of actual performance. 

1 IUNCTI0N TEMP., Tj 
6JC 

:ase temp., tc 
ecs 

iEAT SINK TEMP.,T S 
®SA 

— AMBIENT TEMP. Ta 

TL/K/5558-8 

FIGURE 2. Semiconductor-Heat Sink Thermal Circuit 

The junction-to-case thermal resistance 0 jc specified in the 
data sheet depends upon the material and size of the pack- 
age, die size and thickness, and quality of the die bond to 
the case or lead frame. The case-to-heat sink thermal re- 
sistance 0cs depends on the mounting of the device to the 
heat sink and upon the area and quality of the contact sur- 
face. Typical 0cs for a TO-3 package is 0.5 to 0.7°C/W, and 
0.3 to 0.5°C/W using silicone grease. 

The heat sink to ambient thermal resistance 0 sa depends 
on the quality of the heat sink and the ambient conditions. 
Cooling is normally required to maintain the worst case op- 
erating junction temperature Tj of the device below the 
specified maximum value Tj(max)- Tj can be calculated 
from known operating conditions. Rewriting the above equa- 
tion, we find: 

Tj - Ta 

0j A = - J ^°C/W 

Tj = T A + Pd0ja°C 

Where: P D (V s - V OU t)Iout + |V+ - (V-)|l Q 
for a DC Signal 

0JA = 0JC + 0CS + 0SA and V s = Supply Voltage 
0jC for the LH0101 is about 2°C/W. 

Stability and Compensation 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pickup” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input device (usually the inverting input) to ac 


ground set the frequency of the pole. In many instances the 
frequency of this pole is much greater than the expected 3 
dB frequency of the closed loop gain and consequently 
there is negligible effect on stability margin. However, if the 
feedback pole is less than approximately six times the ex- 
pected 3 dB frequency a lead capacitor should be placed 
from the output to the input of the op amp. The value of the 
added capacitor should be such that the RC time consistant 
of this capacitor and the resistance it parallels is greater 
than or equal to the original feedback pole time constant. 
Some inductive loads may cause output stage oscillation. A 
.01 jaF ceramic capacitor in series with a 10ft resistor from 
the output to ground will usually remedy this situation. 



TL/K/5558-9 

FIGURE 3. Driving Inductive Loads 

Capacitive loads may be compensated for by traditional 
techniques. (See “Operational Amplifiers: Theory and Prac- 
tice” by Roberge, published by Wiley): 



Compensate for Capacitive Load 

A similar but alternative technique may be used for the 
LH0101: 


v+ 



FIGURE 5. Alternate Compensation for Capacitive Load 
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Application Hints (Continued) 

Output Swing Enhancement 

When the feedback pin is connected directly to the output, 
the output voltage swing is limited by the driver stage and 
not by output saturation. Output swing can be increased as 
shown by taking gain in the output stage as shown in High 
Power Voltage Follower with Swing Enhancement below. 
Whenever gain is taken in the output stage, as in swing 
enhancement, either the output stage, or the entire op amp 
must be appropriately compensated to account for the addi- 
tional loop gain. 


Output Resistance 

The open loop output resistance of the LH0101 is a function 
of the load current. No load output resistance is approxi- 
mately 10ft. This decreases to under on ft for load currents 
exceeding 100 mA. 


Typical Applications 

See AN261 for more information. 


+15 



TL/K/5558-12 

FIGURE 6. High Power Voltage Follower 



TL/K/5558-13 

FIGURE 7. High Power Voltage Follower 
with Swing Enhancement 



VQUT 


TL/K/5558-14 

FIGURE 8. Restricting Outputs to Positive Voltages Only 


Following is a partial list of sockets and heat dissipators for use with the LH0101. National assumes no responsibility for their 
quality or availability. 

8-Lead TO-3 Hardware 

SOCKETS 

Keystone 4626 or 4627 
Robinson Nugent 000201 1 
Azimuth 6028 (test socket) 

HEAT SINKS 

Thermalloy 2266B (35°C/W) 

IERC LAIC3B4CB 
IERC HP1-T03-33CB (7°C/W) 

AAVID 5791 B 

MICA WASHERS 

Keystone 4658 


AAVID Engineering 
30 Cook Court 

Laconia, New Hampshire 03246 
Azimuth Electronics 
2377 S. El Camino Real 
San Clemente, CA 92572 
IERC 

135 W. Magnolia Blvd. 

Burbank, CA 91502 


Keystone Electronics Corp. 
49 Bleecker St. 

New York, NY 10012 
Robinson Nugent Inc. 

800 E. 8th St. 

New Albany, IN 47150 
Thermalloy 
P.O. Box 34829 
Dallas, TX 75234 


2 
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Typical Applications (Continued) 



TL/K/5558-15 

FIGURE 9. Generating a Split Supply from a Single Voltage Supply 
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Typical Applications (Continued) 


+40 



FIGURE 12. ±5 to ±35 Power Source or Sink 


TL/K/5558-18 


+15 



TL/K/5558-19 

FIGURE 13. Remote Loudspeaker via Infrared Link 


+15 



TL/K/5558-20 

FIGURE 14. CRT Deflection Yoke Driver 
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£2 


National 

Semiconductor 

Corporation 


LH4101/LH4101C Wideband High Current 
Operational Amplifier 


General Description 

The LH4101 is a high slew rate, FET input, wideband opera- 
tional amplifier designed for applications that require an op 
amp to provide up to 200 mA peak and 1 00 mA continuous 
output current. This feature eliminates the need for a buffer 
to provide the additional current drive not available with 
most wideband op amps. 

Designed for use with minimum external circuitry, the 
LH4101 provides internal compensation for unity gain stabil- 
ity and all the gain set resistors for most popular gain set- 
tings, as well as internal supply bypass capacitors. These 
features minimize the circuit’s sensitivity to external layout 
conditions. These features are provided in a 24 pin hermetic 
dual in-line package. 


Features 

□ 45 MHz bandwidth 
d 10 12 ft input impedance 

a Pin strappable gain settings of 1, 2, 3, 4, -1, -2, -3 
m Unity gain stable 
m Internal supply bypassing 
m 100 mA continuous output current 
m 24 pin hermetic DIP 
m Directly drives 50 Ct loads 

The LH4101’s wide bandwidth, programmable gain settings, 
and high output current make it an ideal choice for fast buff- 
ering applications such as video distribution. It is also appro- 
priate for use in summing amplifiers, sample and hold cir- 
cuits, and high speed integrators. 


Block and Connection Diagrams 



Dual In-Line Package 


OUTPUT — 

1 



24 

-NC 


V + — 

2 

23 

-V- 


V+ — 

3 

22 

-V- 


NC- 

4 

21 

-NC 


GND — 

5 

20 

-GND 


GND — 

6 

19 

-GND 


NC- 

7 

18 

- OUTPUT 


0FF.ADJ.- 

8 

17 

-S3 


0FF.ADJ.- 

9 

16 

— S2 


NC- 

10 

15 

— SI 


NC- 

11 

14 

-NC 


v in( + )“ 

12 

13 

-v 1N (-) 

1 



TL/K/8543-2 



Order Number LH4101D or 
LH4101CD 

See NS Package Number D24D 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage, Vs + 1 7V 

Power Dissipation, at Ta = 25°C, Pq 2W 

Input Voltage Range, Vcm ± Vs 

Steady State Output Current, Iq ±100 mA 


Operating Temperature Range, Ta 
LH 41 01 CD - 25°C to + 85°C 

LH4101D — 55°C to +125°C 

Storage Temperature Range, Tstg — 65°C to ± 1 50°C 
Maximum Junction Temperature, Tj 1 75°C 

Lead T emperature (Soldering <10 sec.) 300°C 

ESD rating to be determined 


DC Electrical Characteristics Vs = ± 1 5V, Tmin ^ Ta < Tmax unless otherwise specified 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

Vos 

Input Offset Voltage 

< 

z 

11 

o 

< 

T a = Tj = 25°C (Note 1) 



15 

mV 







25 

mV 

AV 0S 

AT 

Average Offset 

Voltage Drift 




25 


jaV/°C 

Ib 

Input Bias Current 


T a = Tj = 25°C (Note 1) 

■ 


500 

pA 




Ta = Tj = T max 



500 

nA 

los 

Input Offset Current 


T a = Tj = 25°C (Note 1 ) 



200 

pA 




Ta = Tj = T max 



200 

nA 

CMRR 

Common Mode 
Rejection Ratio 

AV| N = ±10V 

50 



dB 

PSRR 

Power Supply 

Rejection Ratio 

AV S = ±10V 

D 



dB 

Avol 

Open-Loop 

V 0 = ±10V, R l = 

1 k O, f = 1 kHz 

■s 


m 

dB 


Voltage Gain 

V 0 = +5V, R L = 500, f = 1 kHz, T A = 25°C 

■ 



dB 

v 0 

Output Voltage Swing 

V| N = +15V, R l = 

1 k O 



■ ■ 

V 



V| N = ±5.5V, R l = 

= 500, Tj = 25°C (Note 2) 



- 

V 

Is 

Supply Current 

R L = 1 kO 


25 

40 

mA 

e -3 

Gain Error Ay = — 3 

V IN = ±1V.R L = 

500, Tj = 25°C 


0.8 

2 

% 

e_i 

Gain Error Ay = - 1 




0.8 

2 

% 


Note 1: Specification is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed the 
value at Tj = 25°C. 

Note 2: The output swing is limited by the maximum output current of ±100 mA when R|_ = 50ft. When the LH4101 is operated at elevated temperature (such as 
125°C), some form of heatsinking or forced air cooling is required. The quiescent power with Vs of ±15V is 1.2W max, whereas the package can only handle 
750 mW without a heatsink at 1 25°C. 

AC Electrical Characteristics Ay = + 1 , Rl — 500, Ta = 25°C unless otherwise specified 


Symbol 


Parameter 


Conditions 


Min 


Typ 


Max 


Units 


Sr 


Slew Rate 


V| N = ±5V 


200 


250 


V/jLtS 


-3dB 


Small Signal Bandwidth 


V|n = 100 mVrms 


45 


MHz 


ts 


Settling Time to 1 % 
Settling Time to 0.1% 


AV| N = 10V 


140 

300 


ns 

ns 


Small Signal Rise Time 


V| N = 0V to ±100 mV 


10 
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Applications Information 

Power Supply Bypassing 

The LH4101 will perform well in most circuit boards even 
without external supply bypassing; however, it is recom- 
mended that some bulk bypassing be provided. One 10 /xF 
electrolytic on each supply is recommended. Proximity to 
the device pins is not critical, but the bypass will be most 
effective if located within an inch of the part. 

Input Capacitance 

The input capacitance to the LH4101 is typically 5 pF and 
for source impedances greater than 10011, the input time 
constant should be considered. 


Gain Settings 

The LH4101 provides internal gain set resistors for most 
popular gain settings. A chart is provided to assist in deter- 
mining the proper pins to connect to achieve these gains. 
The internal gain resistors are trimmed and matched to in- 
sure the gain accuracy to 0.8% typically. The LH4101 can 
operate at other gain settings, but the user must supply ad- 
ditional gain set resistors external to the part. 


Frequency Response 
(Ay = + 1 Closed Loop) 



10K 100K 1M 1CM 100M 

FREQUENCY (HZ) 


TL/K/8543-3 


Frequency Response 
(Open Loop) 



10K 100K 1M 10W 10CM 


FREQUENCY (HZ) TL/K/8543-4 


Offset Null 



Gain 

Connect 

Pin Number 

Comment 

+ 1 

V out toS1 

1 8 to 1 5 

For all positive gains, the 


Vout to S2 

18 to 16 

input is Vj n (+), pin 12. 

+ 2 

V ou ,toS2 

and 

1 8 to 1 6 



SI toGND 

1 5 to 1 9 


+ 3 

V ou t to S3 
and 

1 8 to 1 7 



S2 to V in( _) 

1 6 to 1 3 



and 

SI to GND 

1 5 to 1 9 


+ 4 

V ou t to S3 
and 

18 to 17 



SI to GND 

1 5 to 1 9 


-1 

S2 to V ou , 

1 6 to 1 8 

For all negative gains, 

-2 

V in( — )toS2 
and 

1 3 to 1 6 

input is SI, pin 15. Also, 

Vin(+), pin 12, MUST BE 


S3 to V out 

1 7 to 1 8 

CONNECTED TO 

GROUND. 




-3 

S3 to V ou t 

1 7 to 1 8 
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Typical Applications 

Unity Gain Follower 

The LH4101 can be used as a unity gain follower to provide 
output current to drive 5011 or 7511 coax cable directly. By 
shorting pins 15, 16 and 18, a follower circuit is configured 
as seen in Figure la. This configuration features a band- 


width greater than 40 MHz with an input signal of 1 .0 V p _ p 
and greater than 16 MHz with a 5 V p . p input signal. This is 
all achieved without any external components. Figures 1b 
and 1c show the small and large signal pulse responses, 
respectively. 


V+ 



FIGURE la. Unity Gain Follower 


TL/K/8543-5 


Input 


Output 


Large Signal Pulse Response 


Input 


Output 


V S = ± 15V TL/K/8543-9 

A v = 1 
Rl : 50fl 

FIGURE 1b 



Small Signal Pulse Response 



V s = ± 15V TL/K/8543-10 

A v = 1 
R L = 50ft 

FIGURE 1c 


Maximum Power Dissipation 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 

TL/K/8543-13 
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Non-Inverting Amplifier 

To configure the LH4101 as a non-inverting amplifier with a 
gain of 4, short pins 17 to 18 and 15 to 19, as shown in 
Figure 2a. Again, no external components are necessary. 
This configuration provides a bandwidth of 25 MHz with an 


input sine wave of 1 .0 V p . p and a bandwidth of 10 MHz with 
an input of 5 V p _ p while providing 100 mA of output current. 
This eliminates the need of an additional buffer in the circuit 
to provide the output current to drive large loads. Figures 2b 
and 2c show the small and large signal pulse responses, 
respectively. 


V+ 



Input 


Output 



Large Signal Pulse Response 


Input 


Output 


V S = ± 15V TL/K/8543-1 1 

A v = 4 
R l = 500 

FIGURE 2b 


Small Signal Pulse Response 



V S = +15V TL/K/8543-1 2 

A v = 4 
R l = 500 

FIGURE 2c 


Differential Amplifier 

To configure the LH4101 as a differential amplifier, two ad- 
ditional 1 kft resistors are required. Figure 3 shows this con- 


figuration, where Vo = Vi — V 2 . The gain accuracy of this 
circuit is dependent upon the gain accuracy of the additional 
1 k Cl resistors. 


V+ 



m 

y 
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National 

Semiconductor 

Corporation 


PRELIMINARY 


LH4104/LH4104C Fast Settling High Current 
Operational Amplifier 


General Description 

The LH4104 is a fast settling high current Bi-Fet op amp 
designed for applications that require a fast settling time of 
500 ns to 0.01% and 100 mA continuous output current. 
The high output current eliminates the need for a buffer to 
provide the additional current drive not available in most 
operational amplifiers. The operational amplifier also fea- 
tures a gain bandwidth product of 1 8 MHz and a slew rate of 
40 V/ jus. 

Designed for use with minimum external circuitry, the 
LH4104 provides internal compensation for unity gain stabil- 
ity as well as internal supply bypass capacitors. These fea- 
tures minimize the circuit’s sensitivity to external layout con- 
ditions. 


Features 

■ 500 ns settling time to 0.01% for a 10V step 

■ 100 mA continuous output current 

■ 18 MHz gain bandwidth product 

■ Internal supply bypassing 

■ Unity gain stable 

Applications 

■ Cable Drivers 

■ High Speed Ramp Generators 

■ DAC Output Amplifiers 

■ Fast Buffers 

■ Sample and Holds 

■ Fast Integrators 


Schematic Diagram 

OFFSET OFFSET 

ADJ ADJ GND V+ Vc + 



Pins #2 & #8 are internally connected. Case is electrically isolated. 


TL/K/8840-1 


Connection Diagram 


Metal Can Package 



TL/K/8840-2 


Order Number LH4104G or LH4104CG 
See NS Package Number H12B 

Note: 2 and 8 are internally connected. Case is electrically isolated. 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage, Vs ± 1 8V 

Steady State Output Current, l 0 1 00 mA 

Power Dissipation at, Pq 

Ta = 25°C, derate linearly at 1 00°C/W 2.5W 

T c = 25°C, derate linearly at 50°C/W 1 .5W 


Differential Input Voltage, Vin ± 30V but < ± 2V S 

Input Voltage Range, Vqm ± 1 8V but < ± V s 


Operating Temperature Range, Ta 
LH4104 
LH4104C 

Storage Temperature Range, Tstg 
M aximum Junction Temperature, Tj 
Lead Temperature (Soldering <10 sec.) 


— 55°C to +125°C 
— 25°C to +85°C 

— 65°C to +150°C 

150°C 

300°C 


ESD rating is to be determined. 


DC Electrical Characteristics V s = ±15V,T A = 25”C unless otherwise noted (Note 1 ) 


Symbol 

Parameter 

Conditions 

LH4104C 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Vos 

Input Offset Voltage 

Rs = 50H 

2 

5 

10 

mV 

V QS / AT 

Offset Voltage Drift 

R§ = son 

20 



juV/°C 

•b 

Input Bias Current 

T] = 25°C, (Note 4) V C m = 0V 

200 

600 


pA 




250 

nA 

•os 

Input Offset Current 

T, = 25"C, V CM = 0V 

20 

400 


pA 

! 



200 

nA 

Rin 

Input Resistance 

Tj = 25°C 

1011 



a 

Avol 

Large Signal Voltage Gain 

r l = 100 a 

106 

87 


dB (Min) 

r l = i ka 

106 

87 

80 

v 0 

Output Voltage Swing 

R l = loon (Note 5) 


±10 


V (Min) 

r l = i ka 

±13 

±10 

±10 

VCM 

Input Common Mode Range 


±12 

±11 

±10 

V (Min) 

CMRR 

Common Mode Rejection Ratio 

V|n = — 1 1 V to +11V 

100 

80 

70 

dB (Min) 

PSRR 

Power Supply Rejection Ratio 

Vcc = ± 1 0 V to ± 15V 

100 

80 

70 

dB (Min) 

•s 

Supply Current 


20 

25 


mA 


AC Electrical Characteristics Vcc = ± 1 5V, Ta = 25°C unless otherwise noted 


Symbol 

Parameter 

Conditions 

LH4104C 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

ts 

Settling Time to 0.01 % 

A v = — 1 , V| N = — 5V to + 5V, R L = 100a 

500 

800 


ns 

Sr 

Slew Rate 

V| N = —iov to + iov, r l = iooa 

40 


32 

V/juis(min) 

GBW 

Gain Bandwidth Product 


18 



MHz 

tr 

Small Signal Rise Time 

c 

o 

o 

II 

—I 

DC 

II 

> 

< 

10 


20 

ns 
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DC Electrical Characteristics Vcc = ± 15V, Ta = 25°C unless otherwise noted (Notes 1 and 6) 


Symbol 

Parameter 

Conditions 

LH4104 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Vos 

Input Offset Voltage 

R s = 50 n 

2 

10 


mV 

v os /at 

Offset Voltage Drift 

R s = 50n 

20 



JLtV/°C 

Ib 

Input Bias Current 

Tj = 25°C, (Note 4) V C m = 0V 

200 

600 


pA 



350 


nA 

los 

Input Offset Current 

Tj = 25°C, V CM = 0V 

20 

400 


pA 



250 


nA 

Rin 

Input Resistance 

Tj = 25°C 

ion 



n 

a vol 

Large Signal Voltage Gain 

r l = loon 

106 

87 


dB (Min) 

r l = i kn 

106 

87 




80 


Vo 

Output Voltage Swing 

R l = ioon (Note 5) 


±10 


V (Min) 

r l = i kn 

±13 

±10 


VcM 

Input Common Mode Range 


±12 

±io 


V (Min) 

CMRR 

Common Mode Rejection Ratio 

. 

V| N -11V to + 1 1V 

100 

80 


dB (Min) 



70 


PSRR 

Power Supply Rejection Ratio 

Vcc = ± 10V to ±15V ! 

100 

80 


dB (Min) 



70 


•s 

Supply Current 


20 

25 


mA 


AC Electrical Characteristics V CC = ±15V, Ta = 25°C unless otherwise noted 


Symbol 

Parameter 

Conditions 

LH4104 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

ts 

Settling Time to 0.01 % 

Av = — 1 » V| N = — 5V to +5V, R L = 100n 

500 

800 


ns 

Sr 

Slew Rate 

V| N = -10V to +10V, R|_= ioon 

40 


32 

V/ju,s(min) 

GBW 

Gain Bandwidth Product 


18 



MHz 

t r 

Small Signal Rise Time 

a v = 1 , R l = ioon 

10 


20 

ns 


Note 1: Boldface limits are guaranteed over full temperature range. Operating ambient temperature range of LH4104C is -25°C to +85°C, and LH4104 is 
— 55°C to + 125°C. 

Note 2: Tested limits are guaranteed and 100% production tested. 

Note 3: Design limits are guaranteed (but not production tested). 

Note 4: Specifications is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed 
value at Tj = 25°C. 

Note 5: The output swing is limited by the maximum output current of ±100 mA when Rl = 100ft. 

Note 6: When the LH4104 is operated at elevated temperture (such as 125°C), some form of heat sinking or forced air cooling is required. The quiescent power 
with Vcc of ±15V is 750 mW, whereas the package can only handle 500 mW without a heatsink at 125°C. 
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Settling Signal 
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Typical Performance Characteristics 



FREQUENCY (Hz) 


TL/K/8840-4 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 

TL/K/8840-5 


Applications Information 

POWER SUPPLY BYPASSING 

The LH4104 will perform well in most circuit boards even 
without external supply bypassing; however it is recom- 
mended that some bulk bypassing be provided to maintain 
optimum settling time. A 0.1 juF disc ceramic capacitor and 
1 juF tantalum capacitor on each supply is recommended. 
Place the bypass capacitors close to the amplifiers supply 
pins. 

COMPENSATION 

To minimize the effects of input capacitance at the 
LH4104’s inverting input and any additional layout capaci- 
tance, an external compensation capacitor must be used. 
The compensation capacitor (Cl) used in Figure 2 (Test 
Circuit Section) is typically 66 pF. The optimum value for the 
compensation capacitor depends on the application circuit 
and the board layout. 

INPUT BIAS CURRENT 

The input devices are JFETs, and will normally have input 
bias (Ib) currents in the tens of picoamps. However, these 


currents vary with temperature and input voltage range. Ib 
will normally double with each 1 1°C rise in junction tempera- 
ture. 

LAYOUT PRECAUTIONS 

Grounding and circuit layout are extremely important in pre- 
serving the settling time of the LH4104. It is important to use 
single point ground returns for inputs, loads, and feedback 
components and to keep the returns short. Compensation 
components should be located close to the appropriate pins 
to minimize stray reactances. Keep the system’s digital sig- 
nals (or any other signals with fast rise times) separated 
from the amplifier. If such signals are too close to the ampli- 
fier, they can couple capacitively to the amplifier’s inputs, 
resulting in undesirable signals at the output. 

PRESERVING AND VERIFYING THE LH4104’S FAST 
SETTLING TIME 

To realize optimum settling performance in circuits using the 
LH4104, both the design and layout must be meticulous. 
Application note AN-428, “Preserving and Verifying the 
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Applications Information (Continued) 

LF400’s Fast Settling Time”, explains the required design 
and measurement techniques. Although this application 
note was written for the LF400, it suggests good guidelines 
and is directly applicable to the LH4104. Only the sections 
covering supply bypassing and output load limitations 
should be ignored. This is because the LH41 04 has internal 
bypassing capacitors and substantially greater output drive 
current than the LF400. The suggested circuits require only 
small and straightforward modifications; even the printed 
circuit board layout can be easily modified to accept the 
footprint of the LH4104 without impacting setting time. 

PROTECTION SCHEMES FOR THE LH4104 

The LH4104 has similar input characteristics of National 
Semiconductor’s BI-FETtm family of operational amplifiers. 
As such, designing with this part requires that several pre- 
cautions are observed which are uncharacteristic of other 
op amps. Application Note AN-447 covers these caveats in 
greater detail for the whole product family. (The LH4104’s 
input stage shares its topology with the LF400.) 

NEVER LEAVE AN INPUT UNATTENDED! 

If an input to the LH4104 is left open circuited (or connected 
to an analog multiplexer in a high impedance state), the 
input bias current will be drawn from the very small parasitic 
input capacitance (<10 pF). This capacitor will rapidly 
charge up to the power supply rail at a rate of dv/dt = 
•bias/Cin- Since the LH4104 is a capable of large output 
currents and has no internal current limiting, it will easily be 
destroyed by excessive power dissipation if such an input 
condition exists while driving a low impedance load (e.g. 
5011). 

To avoid this condition in circuits where the LH4104 is buff- 
ering the FET switch of an analog multiplexer, one must 
connect a resistor between the input and ground to provide 
a bias current path. This will invariably degrade the effective 
input impedance of the device, so a large resistor is desir- 
able. 

For example, selecting a 1 Mfl resistor will result in a harm- 
less 25 mV output signal during the “deselected” state (for 
the worst case bias current of 25 nA). Increasing this resis- 
tor will increase the output signal for the deselected" state; 
decreasing it will reduce this signal while degrading the in- 
put impedance. Depending on the user’s circuit specifica- 
tions, a compromise must be selected. This resistor will not 
introduce an increase in the effective offset voltage during 
the “selected” state because the input is driven by a low 
impedance source. 

POWER SUPPLY SEQUENCING 

Adding the clamp diodes shown in Figure 1 not only pro- 
tects the inputs from transients when the circuit is operating, 
but protects them as power is being applied to the circuit. 
Because the parasitic transistor apears when the input volt- 
age is less than the negative supply, applying the positive 
supply or input voltage before the negative supply is applied 
can cause this problem. For this reason, it is always recom- 


mended that the negative supply be turned on first, if the 
supplies can be turned on independently. 

Also, even if the input stage is well protected with clamp 
diodes and current limiting, the inputs should not be allowed 
to be heavily unbalanced (for example, one input at ground 
and the other at the rail) for extended periods of time (for 
example, many hours). The long-term effects of an unbal- 
anced differential pair are increased offset voltage and off- 
set current. 


V + 



TL/K/8840-13 

FIGURE 1. Clamping Inputs of Op Amp 


V 0 s ADJUSTMENT 

Offset voltage can be nulled using a 56K resistor and a 25K 
potentiometer connected to pins 3 and 7 as shown in Figure 
3. Bypassing the Vos adjust pins with 0.1 /xF capacitors will 
help to avoid noise pickup. When not used for offset adjust- 
ment, pins 3 and 7 can often be left open, but to minimize 
the possibility of noise pickup the unused Vqs trim pins 
should be connected to ground or V~. 

Test Circuit for Pulse Response 


V* 
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LH4105/LH4105C 



National 

Semiconductor 

Corporation 


PRELIMINARY 


LH4105/LH4105C Precision Fast Settling High 
Current Operational Amplifier 


General Description 

The LH4105 is a fast settling high current Bi-Fet op amp 
designed for applications that require a fast settling time of 
500 ns to 0.01% and 100 mA continuous output current. 
The high output current eliminates the need for a buffer to 
provide the additional current drive not available in most 
operational amplifiers. The operational amplifier also fea- 
tures a gain bandwidth product of 18 MHz and a slew rate of 
40V/ju,s. 

Designed for use with minimum external circuitry, the 
LH4105 provides internal compensation for unity gain stabil- 
ity as well as internal supply bypass capacitors. These fea- 
tures minimize the circuit’s sensitivity to external layout con- 
ditions. 


Features 

■ 500 jllV offset voltage 

■ 500 ns settling time to 0.01% for a 10V step 

■ 100 mA continuous output current 

■ Internal supply bypassing 

■ Unity gain stable 

Applications 

■ Cable Drivers 

■ High Speed Ramp Generators 

■ DAC Output Amplifiers 

■ Fast Buffers 

■ Sample and Holds 
b Fast Integrators 


Schematic Diagram 



TL/K/9159-1 

Pins #2 & #8 are internally connected. Case is electrically isolated. Pins 3 and 8 are used internally, do not connect to these pins 


Connection Diagram 


Metal Can Package 

GND 



TL/K/9159-2 


Note: 2 and 8 are internally connected. Case is electrically isolated. Pins 3 and 8 are used internally. Do not connect to these pins. 

Order Number LH4105G or LH4105CG 
See NS Package Number G12B 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage, V$ ± 1 8V 

Steady State Output Current, l 0 1 00 m A 

Power Dissipation at, Pp 

T a = 25°C, derate linearly at 1 00°C/W 2.5W 

Tc = 25°C, derate linearly at 50°C/W 1 .5W 


Differential Input Voltage, V|n 
I nput Voltage Range, Vqm 
O perating Temperature Range, T A 
LH4105 
LH4105C 

Storage Temperature Range, Tstg 
M aximum Junction Temperature, Tj 
Lead Temperature (Soldering < 10 sec.) 
ESD rating is to be determined. 


± 30V but ^ ±2V S 
± 18V but £ ±V S 

— 55°C to + 1 25°C 
— 25°C to +85°C 

— 65°C to +150°C 

150°C 
300°C 


DC Electrical Characteristics Vs = ± 15V, T A = 25°C unless otherwise noted (Note 1) 


Symbol 

Parameter 

Conditions 

LH4105C 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Vos 

Input Offset Voltage 

Rs = 50fl 

0.2 

0.5 

2 

mV 

V 0S /AT 

Offset Voltage Drift 

Rs = 50H 

20 



jwV/°C 

'b 

.. . 

Input Bias Current 

Tj = 25°C, (Note 4) V C m = 0V 

200 

600 


pA 




250 

nA 

los 

Input Offset Current 

Tj = 25°C, V C m = 0V 

20 

400 


pA 




200 

nA 

Rin 

Input Resistance 

Tj = 25°C 

ion 



ft 

Avol 

Large Signal Voltage Gain 

r l = iooa 

106 

87 


dB (Min) 

R l = 1 kft 

106 

87 

80 

Vo 

Output Voltage Swing 

R L = 100H (Note 5) 


±10 


V (Min) 

r l = i kn 

±13 

±10 

±10 

V CM 

Input Common Mode Range 


±12 

±11 

±10 

V (Min) 

CMRR 

Common Mode Rejection Ratio 

V| N = —11V to +11V 

100 

80 

70 

dB (Min) 

PSRR 

Power Supply Rejection Ratio 

Vcc = ± 1 0V to ± 1 5V 

100 

80 

70 

dB (Min) 

<S 

Supply Current 


20 

25 


mA 


AC Electrical Characteristics V§ = ± 1 5V, T A = 25°C unless otherwise noted 


Symbol 

Parameter 

Conditions 

LH4105C 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

ts 

Settling Time to 0.01 % 

A v = -1, V| N = — 5V to + 5V, R l = 100H 

500 

800 


ns 

Sr 

Slew Rate 

V| N = -lov to +iov, r l = ioon 

40 


32 

V/ju.s(min) 

GBW 

Gain Bandwidth Product 


18 



MHz 

tr 

Small Signal Rise Time 

a v = i, r l = ioon 

10 


20 

ns 
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LH4105/LH4105C 


DC Electrical Characteristics Vg = ± 1 5V, Ta = 25°C unless otherwise noted (Notes 1 and 6) 


Symbol 

Parameter 

Conditions 

LH4105 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Vos 

Input Offset Voltage 

Rg = son 

0.2 

2 


mV 

Vos/AT 

Offset Voltage Drift 

Rg = 5011 

20 



jLlV/°C 

>B 

Input Bias Current 

Tj = 25°C, (Note 4) Vqm = 0V 

200 

600 


pA 



350 


nA 

•os 

Input Offset Current 

Tj = 25°C, V CM = 0V 

20 

400 


pA 



250 


nA 

r in 

Input Resistance 

Tj = 25°C 

ion 



a 

AvOL 

Large Signal Voltage Gain 

r l = ioon 

106 

87 


dB (Min) 

R L = 1 kll 

106 

87 




80 


Vo 

Output Voltage Swing 

R L = 10011 (Note 5) 


±10 


V (Min) 

r l = i kn 

±13 

±10 


V CM 

Input Common Mode Range 


±12 

±10 


V (Min) 

CMRR 

Common Mode Rejection Ratio 

V| N — 1 1 V to +11V 

100 

80 


dB (Min) 



70 


PSRR 

Power Supply Rejection Ratio 

Vcc = ±10Vto ±15V 

100 

80 


dB (Min) 



70 


•s 

Supply Current 


20 

25 


mA 


AC Electrical Characteristics Vg = ± 15V, Ta = 25°C unless otherwise noted 


Symbol 

Parameter 

Conditions 

LH4105 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

ts 

Settling Time to 0.01 % 

A v = — 1, V| N = — 5V to +5V,R l = loon 

500 

800 


ns 

Sr 

Slew Rate 

V| N = -lOVto+IOV, R|_= 100H 

40 


32 

V/jus(min) 

GBW 

Gain Bandwidth Product 


18 



MHz 

tr 

Small Signal Rise Time 

a v = i,r l = ioon 

10 


20 

ns 


Note 1: Boldface limits are guaranteed over full temperature range. Operating ambient temperature range of LH4105C is -25°C to +85°C, and LH4105 is 
— 55°Cto +125°C. 

Note 2: Tested limits are guaranteed and 100% production tested. 

Note 3: Design limits are guaranteed (but not production tested). These limits are not used to calculate outgoing quality levels. 

Note 4: Specifications is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed 
value at Tj = 25°C. 

Note 5: The output swing is limited by the maximum output current of ±100 mA when R[_ = 100ft. 

Note 6: When the LH4105 is operated at elevated temperture (such as 125°C), some form of heat sinking or forced air cooling is required. The quiescent power 
with Vcc of +15V is 750 mW, whereas the package can only handle 500 mW without a heatsink at 125°C. 
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VOLTAGE GAIN (dB) 


Typical Performance Characteristics 

Settling Signal 



TL/K/9159-3 



FREQUENCY (Hz) 

TL/K/9159-4 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 

TL/K/9159-5 




LH4105/LH4105C 


Applications Information 

POWER SUPPLY BYPASSING 

The LH4105 will perform well in most circuit boards even 
without external supply bypassing; however it is recom- 
mended that some bulk bypassing be provided to maintain 
optimum settling time. A 0.1 juF disc ceramic capacitor and 
1 jllF tantalum capacitor on each supply is recommended. 
Place the bypass capacitors close to the amplifiers supply 
pins. 

COMPENSATION 

To minimize the effects of input capacitance at the 
LH4105’s inverting input and any additional layout capaci- 
tance, an external compensation capacitor must be used. 
The compensation capacitor (Cl) used in Figure 2 (Test 
Circuit Section) is typically 66 pF. The optimum value for the 
compensation capacitor depends on the application circuit 
and the board layout. 

INPUT BIAS CURRENT 

The input devices are JFETs, and will normally have input 
bias (Ib) currents in the tens of picoamps. However, these 
currents vary with temperature and input voltage range. Ib 
will normally double with each 1 1°C rise in junction tempera- 
ture. 

LAYOUT PRECAUTIONS 

Grounding and circuit layout are extremely important in pre- 
serving the settling time of the LH41 05. It is important to use 
single point ground returns for inputs, loads, and feedback 
components and to keep the returns short. Compensation 
components should be located close to the appropriate pins 
to minimize stray reactances. Keep the system’s digital sig- 
nals (or any other signals with fast rise times) separated 
from the amplifier. If such signals are too close to the ampli- 
fier, they can couple capacitively to the amplifier’s inputs, 
resulting in undesirable signals at the output. 

PRESERVING AND VERIFYING THE LH4104’S FAST 
SETTLING TIME 

To realize optimum settling performance in circuits using the 
LH4105, both the design and layout must be meticulous. 
Application note AN-428, “Preserving and Verifying the 
LF400’s Fast Settling Time”, explains the required design 
and measurement techniques. Although this application 
note was written for the LF400, it suggests good guidelines 
and is directly applicable to the LH4105. Only the sections 
covering supply bypassing and output load limitations 
should be ignored. This is because the LH4105 has internal 
bypassing capacitors and substantially greater output drive 
current than the LF400. The suggested circuits require only 
small and straightforward modifications; even the printed 
circuit board layout can be easily modified to accept the 
footprint of the LH4105 without impacting settling time. In 
addition, bypassing offset adjust pins 3 and 7 with 0.1 juF 
capacitors will minimize noise pickup and preserve the set- 
tling time. 

PROTECTION SCHEMES FOR THE LH4104 

The LH4105 has similar input characteristics of National 
Semiconductor’s BI-FETtm family of operational amplifiers. 
As such, designing with this part requires that several pre- 
cautions are observed which are uncharacteristic of other 
op amps. Application Note AN-447 covers these caveats in 
greater detail for the whole product family. (The LH4105’s 
input stage shares its topology with the LF400.) 


NEVER LEAVE AN INPUT UNATTENDED 

If an input to the LH4105 is left open circuited (or connected 
to an analog multiplexer in a high impedance state), the 
input bias current will be drawn from the very small parasitic 
input capacitance (<10 pF). This capacitor will rapidly 
charge up to the power supply rail at a rate of dv/dt = 
telAs/ClN- Since the LH4105 is capable of large output cur- 
rents and has no internal current limiting, it will easily be 
destroyed by excessive power dissipation if such an input 
condition exists while driving a low impedance load (e.g. 
50(1). 

To avoid this condition in circuits where the LH4105 is buff- 
ering the FET switch of an analog multiplexer, one must 
connect a resistor between the input and ground to provide 
a bias current path. This will invariably degrade the effective 
input impedance of the device, so a large resistor is desir- 
able. 

For example, selecting a 1 M(1 resistor will result in a harm- 
less 25 mV output signal during the “deselected” state (for 
the worst case bias current of 25 nA). Increasing this resis- 
tor will increase the output signal for the deselected state; 
decreasing it will reduce this signal while degrading the in- 
put impedance. Depending on the user’s circuit specifica- 
tions, a compromise must be selected. This resistor will not 
introduce an increase in the effective offset voltage during 
the “selected” state because the input is driven by a low 
impedance source. 


POWER SUPPLY SEQUENCING 


Adding the clamp diodes shown in Figure 1 not only pro- 
tects the inputs from transients when the circuit is operating, 
but protects them as power is being applied to the circuit. 
Because the parasitic transistor appears when the input 
voltage is less than the negative supply, applying the posi- 
tive supply or input voltage before the negative supply is 
applied can damage the device. For this reason, it is always 
recommended that the negative supply be turned on first, if 
the supplies can be turned on independently. 


Also, even if the input stage is well protected with clamp 
diodes and current limiting, the inputs should not be allowed 
to be heavily unbalanced (for example, one input at ground 
and the other at the rail) for extended periods of time (for 
example, many hours). The long-term effects of an unbal- 
anced differential pair are increased offset voltage and off- 
set current. w+ 



TL/K/9159-6 

FIGURE 1. Clamping Inputs of Op Amp 
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LM 1 0/LM 10B(L)/LM 1 0C(l 



National 

Semiconductor 

Corporation 


LM 1 0/LM 1 0B(L)/LM 1 0C(L) Op Amp 
and Voltage Reference 


General Description 


The LM10 series are monolithic linear ICs consisting of a 
precision reference, an adjustable reference buffer and an 
independent, high quality op amp. 

The unit can operate from a total supply voltage as low as 
1.1V or as high as 40V, drawing only 270/xA. A complemen- 
tary output stage swings within 1 5 mV of the supply termi- 
nals or will deliver ±20 mA output current with ±0.4V satu- 
ration. Reference output can be as low as 200 mV. Some 
other characteristics of the LM10 are 


■ input-offset voltage 

■ input-offset current 

■ input-bias current 

■ reference regulation 

■ offset-voltage drift 

■ reference drift 


2.0 mV (max) 
0.7 nA (max) 
20 nA (max) 
0.1% (max) 
2/xV/°C 
0.002%/°C 


The circuit is recommended for portable equipment and is 
completely specified for operation from a single power cell. 
In contrast, high output-drive capability, both voltage and 
current, along with thermal overload protection, suggest it in 
demanding general-purpose applications. 

The device is capable of operating in a floating mode, inde- 
pendent of fixed supplies. It can function as a remote com- 
parator, signal conditioner, SCR controller or transmitter for 
analog signals, delivering the processed signal on the same 
line used to supply power. It is also suited for operation in a 
wide range of voltage- and current-regulator applications, 
from low voltages to several hundred volts, providing great- 
er precision than existing ICs. 

This series is available in the three standard temperature 
ranges, with the commercial part having relaxed limits. In 
addition, a low-voltage specification (suffix “L”) is available 
in the limited temperature ranges at a cost savings. 


Connection and Functional Diagrams 

Metal Can Package (H) 


Dual-In-Line Package (N) 


REFERENCE 

FEEDBACK 



TL/H/5652-1 

Order Number LM10H, LM10BH, LM10CH, 
LM10BLH or LM10CLH 
See NS Package Number H08A 

Small Outline Package (M) 



TL/H/5652-1 5 

Order Number LM10CN or LM10CLN 
See NS Package Number N08E 


REFERENCE 

FEEDBACK 




See NS Package Number M14B 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 7) 


Total Supply Voltage 45V 

Differential Input Voltage (note 1 ) ± 40V 

Power Dissipation (note 2) in 

Output Short-circuit Duration (note 3) 

Storage-Temp. Range — £ 

Lead Temp. (Soldering, 10 seconds) 

Metal Can 

Lead Temp. (Soldering, 10 seconds) DIP 
Vapor Phase (60 seconds) 

Infrared (15 seconds) 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” (Appendix D) for other methods of 
soldering surface mount devices. 

ESD rating is to be determined. 


LM10/LM10B/LM10C LM10BL/LM10CL 

45V 7V 

±40V ±7V 

internally limited 
indefinite 

— 55°C to + 150°C 


Electrical Characteristics 

Tj = 25°C, T M | N ^Tj^T M ax (note 4) (Boldface type refers to limits over temperature range) 


I ^ LM10/LM10B LM 


Parameter 

Conditions 

Input offset voltage 


Input offset current 
(note 5) 


Input bias current 




Input resistance 


Large signal voltage 
gain 


Shunt gain (note 6) 


Common-mode 

rejection 


Supply-voltage 

rejection 


Offset voltage drift 


Offset current drift 


Bias current drift 


V S =±20V, l O UT=0 
VoUT = ± 19.95V 
V s = ±20V, V 0 U t= ± 19.4V 
l 0 UT = —20 mA (±15 m A) 

V s = ±0.6V (0.65 V), I out” ±2 mA 
VqUT = ± 0.4V ( ± Q.3V), V CM = - 0.4V 

1.2V(1.3V)^V O UT^40V, 

r l = i.i kn 

0.1 mA^louT^S mA 
1.5V^V+£40V, R L =250H 
0.1 mA^louT^20 mA 

-20V^V C m^19.15V(19V) 

V S =±20V 


-0.2V^V“^-39V 
V+ = 1.0V(1.1V) 
1.0V(1.1V)^V+^39.8V 
V - = —0.2V 



T c <100°C 


LM10/LM10B(L)/LM10C(L) 















LM10/LM10B(L)/LM10C(I 


Electrical Characteristics 

Tj = 25°C, Tmin^ t j^ t max» ( note 4 ) (Boldface type refers to limits over temperature range) (Continued) 


Parameter 

Conditions 

LM10/LM10B 

LM10C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Line regulation 

1.2 V ( 1.3 V)^ V s ^ 40 V 


0.001 

0.003 


0.001 

0.008 

%/V 


0 5^ Iref^ 1 -0 mA, V REF = 200 mV 



0.006 



0.01 

%/V 

Load regulation 

0 Iref^ "1 -0 mA 


0.01 





% 


V+-V REF *1.0V(1.1V) 






1 

% 

Amplifier gain 

0.2V<;V REF <;35V 

50 

75 


25 

70 





23 



15 



V/mV 

Feedback sense 


195 

200 

205 

190 

200 

210 

mV 

voltage 


194 


206 

189 


211 

mV 

Feedback current 



20 

50 


22 

75 

nA 





65 



90 

nA 

Reference drift 



0.002 



0.003 


%/°C 

Supply current 



270 

400 


300 







500 





Supply current change 

1.2V(1.3V)^V S ^40V 


15 

75 


15 




Parameter 

Conditions 

LM10BL 

LM10CL 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input offset voltage 



0.3 

2.0 


0.5 

4.0 

mV 





3.0 



5.0 

mV 

Input offset current 



0.1 

0.7 


0.2 

2.0 

nA 

(note 5) 




1.5 



3.0 

nA 

Input bias current 



10 

20 


12 

30 

nA 





30 



40 

nA 

Input resistance 


250 



■B 



kn 



150 



SH 



ka 

Large signal voltage 

V S =± 3.25V, l O UT=0 

60 

300 

MB 

40 

300 


V/mV 

gain 

V 0 UT=±3.2V 

40 



25 



V/mV 


V s =± 3.25V, l O UT=10mA 

10 

25 


5 

25 


V/mV 


V 0 UT=± 2.75 V 

4 



3 



V/mV 


V s = ±0.6V (0.65V), l 0 UT= ±2 mA 

1.5 

3.0 


1.0 

3.0 


V/mV 


V 0U T= ± 0.4V (± 0.3V), V CM = “0.4V 

0.5 



0.75 



V/mV 

Shunt gain (note 6) 

1.5V£V+£6.5V, R L = 500n 



■ 




V/mV 


0.1 mA^louT^IO mA 







V/mV 

Common-mode 

-3.25V <;V C m^2.4V (2.25V) 

89 

102 

■ 


102 


dB 

rejection 

V s =± 3.25V 

83 






dB 

Supply-voltage 

-0.2V^V"^-5.4V 

86 

96 


80 

96 


dB 

rejection 

V+= 1.0V (1.2V) 

80 



74 



dB 


1.0V (1.1 V)£V+£6.3V 

94 

106 


80 

106 


dB 


V" = 0.2V 

88 



74 



dB 

Offset voltage drift 






5.0 



Offset current drift 









Bias current drift 



60 



90 


pA/°C 
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Electrical Characteristics 

Tj = 25°C, T M | N ^Tj^T max , (note 4) (Boldface type refers to limits over temperature range) 


Parameter 

Conditions 

LM10BL 

LM10CL 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Line regulation 

1.2V(1.3V)^V S ^6.5V 


0.001 

0.01 


0.001 

0.02 

%/V 


0^Irep^ 0.5 mA, Vref = 200 mV 



0.02 



0.03 

%/V 

Load regulation 

O^Iref^O- 5 mA 


0.01 

0.1 


0.01 

0.15 

% 


V+-v REF ^1.0V(1.1V) 



0.15 



0.2 

% 

Amplifier gain 

0.2V ^V REF ^ 5.5 V 


70 


20 

70 


V/m V 






15 



V/mV 

Feedback sense 


195 

200 

205 

190 

200 

210 

mV 

voltage 


194 


206 

189 


211 

mV 

Feedback current 



20 

50 


22 

75 

nA 





65 



90 

nA 

Reference drift 



0.002 



0.003 


%/°C 

Supply current 



260 

400 


280 

500 

ju,A 





500 



570 

ju-A 


Note 1: The Input voltage can exceed the supply voltages provided that the voltage from the input to any other terminal does not exceed the maximum differential 
input voltage and excess dissipation is accounted for when V|n<V~. 


Note 2: The maximum, operating-junction temperature is 150°C for the LM10, 100°C for the LMIOB(L) and 85°C for the LMIOC(L). At elevated temperatures, 
devices must be derated based on package thermal resistance. 

Note 3: Internal thermal limiting prevents excessive heating that could result in sudden failure, but the 1C can be subjected to accelerated stress with a shorted 
output and worst-case conditions. 

Note 4: These specifications apply for V~^Vcm^ v+ -0.85V (1.0V), 1.2V (1.3V) <Vs^V MA x, Vref=0.2V and 0£Iref^1-0 mA, unless otherwise specified: 
Vmax = 40V for the standard part and 6.5V for the low voltage part. Normal typeface indicates 25°C limits. Boldface type indicates limits and altered test 
conditions for full-temperature-range operation; this is -55°C to 125°C for the LM10, -25°C to 85°C for the LM10B(L) and 0°C to 70°C for the LM10C(L). The 
specifications do not include the effects of thermal gradients (t! =20 ms), die heating (t2=0.2s) or package heating. Gradient effects are small and tend to offset 
the electrical error (see curves). 

Note 5: For Tj>90°C, l 0 s may exceed 1.5 nA for V CM = V~. With Tj = 125°C and V-^V C m^V- + 0.1V, l 0 s^5 nA. 

Note 6: This defines operation in floating applications such as the bootstrapped regulator or two-wire transmitter. Output is connected to the V + terminal of the 1C 
and input common mode is referred to V - (see typical applications). Effect of larger output-voltage swings with higher load resistance can be accounted for by 
adding the positive-supply rejection error. 

Note 7: Refer to RETS10X for LM10H military specifications. 
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OFFSET VOLTAGE CHANGE (mV) 


OFFSET VOLTAGE CHANGE (mV) 


INPUT VOLTAGE CHANGE (mV) 

TL/H/5652-2 






Typical Performance Characteristics (Op Amp) (Continued) 


Frequency Response Output Impedance 



Typical Stability Range 



100 10 1 0.1 *0.01 -o.l -1 10 -100 


FREQUENCY (Hz) 


FREQUENCY (Hi) 


LOAD CURRENT (mA) 


Large Signal Response 



100 Ik 10k 100k 


Comparator Response 
Time For Various 



Comparator Response 
Time For Various 
Input Overdrives 


V OD = 50 mV 

TT 






r 


f 10 mV 


7 




r 


Z| 



1 







t 



t 






1 



7 

5 mV 

L_j 




1 


1 



Z_| 

L 









_J 

h 









v + 

i — 

= 5\ 

/ 



! 





V- =0 
T A =25°C 

i i 



__ 




□ 


-0.2 0 0.2 0.4 0.6 0.0 1.0 1.2 1.4 1.6 1.8 


FREQUENCY (Hz) 


TIME (ms) 


TIME (ms) 


Follower Pulse 
Response 



0 0.2 0.4 0.6 0.8 1.0 

TIME (ms) 


Noise Rejection 



1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Rejection Slew Limiting 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 



-50 -25 0 25 50 75 100 125 


TEMPERATURE (°C) 


Thermal Gradient 
Feedback 



i.i 

-20 0 20 40 60 80 


TIME (ms) 


Thermal Gradient 
Cross-coupling 




~ 


LI |-l- 

_ 





'fJPN 

- 






■ou 

u 



\_ 





1 




'c 

UT 

0 



PNP 

r = 2 

0 m 

A - 

- 

/ 




lou 

t 



W 00 














_ 

s 

_ 

1 

±20 

V 



_ 


_ 





-20 0 20 40 60 80 

TIME (ms) 
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Typical Performance Characteristics (Op Amp) (Continued) 


Shunt Gain 



OUTPUT VOLTAGE (V) 


Shunt Gain 



OUTPUT VOLTAGE (V) 


Shunt Gain 



1 2 3 4 5 6 7 8 

OUTPUT VOLTAGE (V) 

TL/H/5652-4 


Typical Performance Characteristics (Reference) 



Minimum Supply Voltage 



-50 -25 0 25 50 75 100 125 

TEMPERATURE ( C) 


Output Saturation 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Typical Stability Range 



0.01 0.1 1.0 10 
LOAD CURRENT (mA) 

TL/H/5652-5 


2-248 



Typical Applications^ 


(Pin numbers are for devices in 8-pin packages) 


Op Amp Offset Adjustment 


Standard 


Limited Range Limited Range With Boosted 

Reference 





Positive Regulators^ 


Low Voltage 


Best Regulation 


Zero Output 


ci 

O.OIjjF 



V, N >11V 



■fUse only electrolytic output capacitors. 

^Circuit descriptions available in application note AN-211. 


Cl 

0.01/jF 
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LM 1 0/LM 1 0B(L)/LM 1 0C( 


Typical Applications 11 (Pin numbers are for devices in 8-pin packages) (Continued) 


Current Regulator 


Shunt Regulator 



11 

H 

I R2 1 


2 



? 3 

C 

A1 

LMtO 

bf 

i 

L ... 


’Required For Capacitive Loading 


Negative Regulator 


Precision Regulator 



Laboratory Power Supply 



*V OU t=10-4 R3 

■^Circuit descriptions available in application note AN-211. 





Typical Applications! t (Pin numbers are for devices in 8-pin packages) (Continued) 


HV Regulator 


Protected HV Regulator 



Flame Detector 


Light Level Sensor 



’Provides Hysteresis 


Remote Thermocouple Amplifier 


Remote Amplifier 


VIBRATION 

SENSOR 


R2 




120 

1% 


4V£V OL )T<;20V 
200°C£T P £700°C 
tSpan Trim 
! Level-shift Trim 
’Cold-junction Trim 


TL/H/5652-8 


TTcircuit descriptions available in application note AN-211. 
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Typical Applications ^ (Pin numbers are for devices in 8-pin packages) (Continued) 


Isolated Voltage Sensor 

Rlt R6 



Light-level Controller 



TL/H/5652-12 


TTCircuit descriptions available in application note AN-211. 


Application Hints 

With heavy amplifier loading to V~, resistance drops in the V~ lead can adversely affect reference regulation. Lead resistance 
can approach 1ft. Therefore, the common to the reference circuitry should be connected as close as possible to the package. 
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Definition of Terms 


Input offset voltage: That voltage which must be applied 
between the input terminals to bias the unloaded output in 
the linear region. 

Input offset current: The difference in the currents at the 
input terminals when the unloaded output is in the linear 
region. 

Input bias current: The absolute value of the average of 
the two input currents. 

Input resistance: The ratio of the change in input voltage to 
the change in input current on either input with the other 
grounded. 

Large signal voltage gain: The ratio of the specified output 
voltage swing to the change in differential input voltage re- 
quired to produce it. 

Shunt gain: The ratio of the specified output voltage swing 
to the change in differential input voltage required to pro- 
duce it with the output tied to the V+ terminal of the 1C. The 
load and power source are connected between the V+ and 
V - terminals, and input common-mode is referred to the 
V~ terminal. 

Common-mode rejection: The ratio of the input voltage 
range to the change in offset voltage between the ex- 
tremes. 


Supply-voltage rejection: The ratio of the specified sup- 
ply-voltage change to the change in offset voltage between 
the extremes. 

Line regulation: The average change in reference output 
voltage over the specified supply voltage range. 

Load regulation: The change in reference output voltage 
from no load to that load specified. 

Feedback sense voltage: The voltage, referred to V”, on 
the reference feedback terminal while operating in regula- 
tion. 

Reference amplifier gain: The ratio of the specified refer- 
ence output change to the change in feedback sense volt- 
age required to produce it. 

Feedback current: The absolute value of the current at the 
feedback terminal when operating in regulation. 

Supply current: The current required from the power 
source to operate the amplifier and reference with their out- 
puts unloaded and operating in the linear range. 
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LM11/LM11C/LM11CL Operational Amplifiers 


General Description 

The LM11 is a precision dc amplifier combining the best 
features of existing bipolar and FET op amps. It is similar to 
the LM108A, except that input currents have been reduced 
by more than a factor of ten. Offset voltage and drift have 
also been approved. 

Compared to FETs, the device provides inherently lower off- 
set voltage and offset voltage drift, along with at least an 
order of magnitude better long-term stability. Low frequency 
noise is also somewhat reduced. Bias current is significantly 
lower even under laboratory conditions, and its low drift 
makes compensation practical. Offset current is almost un- 
measureable. Although not as fast as FETs, it does have a 
much lower power drain. This low dissipation has the added 
advantage of eliminating warm up time in critical applica- 
tions. 

Typical characteristics for 25°C (-55°C to 125°C) are: 

• offset voltage: 100 j mV (200 jmV) 

• bias current: 25 pA (65 pA) 

• offset current: 0.5 pA (3 pA) 

• temperature drift: 1 jmV/°C 

• long-term stability: 1 0 jaV/year 


The LM11 is internally compensated, but external compen- 
sation can be added for improved frequency stability, partic- 
ularly with capacitive loads. Offset voltage balancing is also 
provided, with the balance range determined by a low-re- 
sistance potentiometer. 

Otherwise, the device is the electrical equivalent of the 
LM1 08, except that the negative common-mode limit is 0.6V 
less, performance is specified down to ±2.5V and the guar- 
anteed output drive has been increased to ±2 mA. The 
input noise is somewhat higher, but amplifier noise is ob- 
scured by resistor noise with higher source resistances. 
This monolithic 1C has obviously applications as electrome- 
ter amplifiers, charge integrators, analog memories, low fre- 
quency active filters or for frequency shaping in slow servo 
loops. It can be substituted for existing circuits to provide 
improved performance or eliminate trimming operations. 
The greater precision can also be used to extend the dy- 
namic range of logarithmic amplifiers, light meters and solid- 
state particle detectors. 

The LM11 is manufactured with standard bipolar processing 
using super-gain transistors. 


Connection Diagrams 

Metal Can* Mini-DIP 



TL/H/5653- 1 

Top View 

Order Number LM11H, LM11CH or LM11CLH 
See NS Package H08C 

“Case connected to V~ 



BALANCE 

V + 

OUTPUT 

COMPENSATION 

TL/H/5653-31 


Order Number LM11CN or LM11CLN 
See NS Package N08E 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 5) 

T otal Supply Voltage 40V 

I nput Current (Note 1 ) ± 1 0 m A 


Power Dissipation (Note 2) 500 mW 

Output Short-Circuit Duration (Note 3) Indefinite 

Storage T emperature Range - 65°C to + 1 50°C 

Lead Temp. (Soldering, 10 seconds) 

(DIP) 260°C 

(Metal Can) 300°C 

ESD Tolerance 

(R Z ap = 1 -5k, C ZAP = 1 00 pF) 1 500V 


Electrical Characteristics tj = 25°c, tmin ^ tj ^ t^ax (Note 4) 


(Boldface type refers to limits over temperature range.) 


Parameter 

Conditions 

LM11 

LM11C 

LM11CL 

Units 

Typ 

Urn 

Typ 

Lim 

Typ 

Lim 

Input Offset Voltage 

(Note 4) 

0.1 

0.3 

0.2 

0.6 

0.5 

5 

mV 




0.6 


0.8 


6 

mV 

Input Offset Current 

(Note 4) 

0.5 

10 

1 

10 

4 

25 

pA 




30 


20 


50 

pA 

Input Bias Current 

(Note 4) 

25 

50 

40 

100 

70 

200 

pA 




150 


150 


300 

pA 

Input Resistance 

(Note 4) 

ion 


ion 


ion 


a 

Offset Voltage Drift 

(Note 4) 

1 

3 

2 

5 

3 


ju,V/°C 

Offset Current Drift 

(Note 4) 

20 


10 


50 


fA/°C 

Bias Current Drift 

(Note 4) 

0.5 

1.5 

0.8 

3 

1.4 


pA/°C 

Large Signal Voltage Gain 

V s ± 15V, l 0 uT=±2mA 

300 

100 

300 

100 

300 

25 

V/mV 


V 0UT =±12V(± 11.5 V) 


50 


50 


15 

V/mV 


V S =±15V, l O UT=±0.5mA 

1200 

250 

1200 

250 

800 

50 

V/mV 


V 0 UT±12V 


100 


100 


30 

V/mV 

Common-Mode Rejection 

-13V (- 12.5V) <;V C m^14V 




110 

110 

96 

dB 


V S =±15V 




100 


90 

dB 

Power Supply Rejection Ratio 

± 2.5V £V S ^± 20V 

118 

100 

118 

100 

100 

84 

dB 




96 


96 


80 

dB 

Supply Current 

(Note 4) 

0.3 

0.6 

0.3 

0.8 

0.3 

0.8 

mA 




0.8 


1 


1 

mA 

Output Short-Circuit Current 

Tj = 150°C 


±15 





mA 


Note 1: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in excess of 
IV is applied between the inputs unless some limiting resistance is used. In addition, a 2 kfl minimum resistance in each input is advised to avoid possible latch up 
initiated by supply reversals. 


Note 2: The maximum operating-junction temperature is 150°C for the LM1 1 and 85°C for the LM1 1C(L). Devices must be derated at 150°C/W for the metal can 
and 155°C/W for the plastic DIP. The metal can has a thermal resistance of 45°C/W for the junction to case if a heat sink is used. 

Note 3: Current limiting protects the output when it is shorted to ground or any voltage less than the supplies. With continuous overloads, package dissipation must 
be taken into account and heat sinking provided when necessary. 

Note 4: These specifications apply for V~ + 2 V (2.5V) ^ V C m ^ V + - IV and ±2.5V ^ Vs ^ ±20V, unless otherwise specified. Normal typeface indicates 
25°C limits. Boldface type indicates limits for full-temperature range operation. This is -55°C ^ Tj ^ 125°C for the LM1 1 and 0°C £ Tj £ 70°C for 
the LM11C(L). 

Note 5: Refer to RETS11X for LM11 military specifications. 
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Typical Characteristics 


Input Bias Current 



-50 0 50 100 150 

TEMPERATURE (°C) 


Input Offset Current 



-50 0 50 100 150 

TEMPERATURE (°C) 


Offset: Single Source Resistor 
(Unbalanced) 



SOURCE RESISTANCE (ft) 


Drift: Single Source 
Resistor (Unbalanced) 



SOURCE RESISTANCE (ft) 


Input Noise 


Tj = 25°C 








\ 




V 

N 

cm 

FJ RENT 



1 

| 

— 


VULTAGE 



~~ '1 



100 

50 

20 

10 

5 

2 

1 


10 100 Ik 10k 100k 

FREQUENCY (Hz) 


ll 


input Noise 


f MAX = 1 Hz 
■ R s = 100 kft - 
Tj = 25°C 



















3 

•*% 


% 

% 

fej L 

M 

tew 








TV 

















0 

1( 

)0 

2( 

)0 

31 

i 

90 

400 


TIME (s) 



-50 0 50 100 150 

TEMPERATURE (°C) 


Common-Mode Rejection 



FREQUENCY (Hz) 


Large Signal Voltage Gain 


f < 0.1 Hz 
V SAT = 1-5V 
R L ^2V S (kft 






) 








u 










— 

— 



$ 

^25 C 





/ 

/ 



2 







"l2£ 

°c 





✓ 



_ 




04 8 12 16 

SUPPLY VOLTAGE (±V) 


Output Saturation Threshold 



Supply Rejection 




o 


10 100 Ik 10k 100k 1M 10M 


10 100 


LOAD CURRENT (±mA) 


FREQUENCY (Hz) 


SUPPLY VOLTAGE (±V) 


TL/H/5653-2 



2-261 


LM1 1/LM1 1C/LM1 1CL 



LM1 1/LM1 1C/LM1 1CL 


Typical Characteristics (Continued) 


Open Loop Response 



180 


135 



CJ 

45 ~ 


0 


0.1 1 10 100 IK 10k 100k 1M 


Follower Final Settling Time 



0 10 20 30 40 50 


Inverter Final Settling Time 



0 2 4 6 8 10 


FREQUENCY (Hz) 


TIME (ps) 


TIME (m) 


Slew Rate 



Stability With 
Over-Compensation 



m 

m 

S 

m 

IK 

■ 

mm 

u 

■ 

u 

9 

■ 

ta 


■ 

■ 

2 

i 

1 

u 

■ 

Ta 

■ 


■ 

i 

m 

■ 

Ta 

■ 

■ 


■ 
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■ 

PB 

m 

i 

l 

1 

B 


■ 

IS 

to 

£ 

s 

m 
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m 

m 

E 

m 

■ 

m 

B 

■ 


■ 

a 

Si 

■ 

u 

■ 

■ 

■ 

B 

■ 

a 

a 

m 

■ 

m 

m 

Jj 

■ 

■ 

& 

fk 


■ 

■ 


Closed Loop 
Output Impedance 



10-1U to -3 10"" 10 -/ 10 -b 10 _> 

CAPACITIVE LOAD (F) 


10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 

TL/H/5653-3 


Application Hints 

When working with circuitry capable of resolving picoam- 
pere level signals, leakage currents in circuitry external to 
the op amp can significantly degrade performance. High 
quality insulation is a must (Kel-F and Teflon rate high). 
Proper cleaning of all insulating surfaces to remove fluxes 
and other residues is also required. This includes the 1C 
package as well as sockets and printed circuit boards. 
When operating in high humidity environments or near 0°C, 
some form of surface coating may be necessary to provide 
a moisture barrier. 

The effects of board leakage can be minimized by encircling 
the input circuitry with a conductive guard ring operated at a 
potential close to that of the inputs. For critical applications, 
dual-in-line packages are available that include input guard 
pins. 

Electrostatic shielding of high impedance circuitry is ad- 
visable. 

Error voltages can also be generated in the external circuit- 
ry. Thermocouples formed between dissimilar metals can 
cause hundreds of microvolts of error in the presence of 
temperature gradients. The most troublesome thermocou- 
ples are the junction of the 1C package and the printed cir- 
cuit board (35 jxV/°C for copper-kovar) and internal resis- 


tor connections. Problems can be avoided by keeping low 
level circuitry away from heat generating elements. Mount- 
ing the 1C directly to the PC board while keeping package 
leads short and the input leads close together can also 
help. 

With the LM1 1 there is a temptation to remove the bias-cur- 
rent-compensation resistor normally used on the noninvert- 
ing input of a summing amplifier. Direct connection of the 
inputs to ground or a low-impedance voltage source is not 
recommended with supply voltages greater than about 3V. 
The potential problem involves reversal of one supply which 
can cause excessive current in the second supply. Destruc- 
tion of the 1C could result if the output current of the second 
supply is not limited to about 100 mA or if there is much 
more than 1 juF bypass on the supply buss. 

Just disconnecting one supply will generally involve reversal 
because of loading to the other supply both within the 1C 
and in external circuitry. Although difficulties can be largely 
avoided by installing clamp diodes across the supply lines 
on every PC board, a conservative design would include 
enough resistance in the input lead to limit current to 10 mA 
if the input lead is pulled to either supply by internal cur- 
rents. This precaution is by no means limited to the LM11. 
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Application Hints (Continued) 

Input Guarding 

Input guarding can drastically reduce surface leakage. Lay- 
out for metal can is shown here. Guarding both sides of 
board is required. Bulk leakage reduction is less and de- 
pends on guard ring width. 


BALANCE 



Guard ring is connected to low impedance point at same 
potential as sensitive input leads. Connections for various 
op amp configurations are here. 


R1 R2 




INPUT Q 



Input Protection 

Current is limited by R2 even when input is connected to 
voltage source outside common mode range. If one supply 
reverses, current is controlled by R1. These resistors do not 
affect normal operation. 


R3 



TL/H/5653-5 

Input resistor controls current when input exceeds supply 
voltages, when power for op amp is turned off or when out- 
put is shorted. 



TL/H/5653-6 


Balancing And Over-Compensation 

Over-compensation will improve stability with capacitive 
loading (see curves). Offset voltage adjustment range is de- 
termined by balance potentiometer resistance as indicated 
in the table. 


v + 



C1 t t See stability with 

over-compensation curve 

TL/H/5653-8 


min. ad] 
range 

R 

±4 mV 

ioo m 

±2 

10k 

±0.8 

3k 

±0.4 

Ik 
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Application Hints (Continued) 

Resistance Multiplication 

Equivalent feedback resistance is 10 Gfl, but only standard A high-input-impedance ac amplifier for a piezoelectric 

resistors are used. Even though the offset voltage is multi- transducer. Input resistance of 880 Mfl and gain of 10 is 

plied by 1 00, output offset is actually reduced because error obtained, 
is dependent on offset current rather than bias current. Volt- 
age on summing junction is less than 5 mV. 



„ f R2 \ R2 + R3 + R4 

R,M= R i(i+— J A v= R2+R3 



Follower input resistance is 1 GH. With the input open, off- 
set voltage is multiplied by 100, but the added error is not 
great because the op amp offset is low. 



TL/H/5653-11 


Cable Bootstrapping 

Bootstrapping input shield for a follower reduces cable ca- 
pacitance, leakage and spurious voltages from cable flex- 
ing. Instability can be avoided with small capacitor on input. 



This circuit multiplies RC time constant to 1000 seconds 
and provides low output impedance. 



(R2 + R3) 

R1 + R3 

av 0 ut=— 5T-(IbR2+Vos) 


With summing amplifier, summing node is at virtual ground 
so input shield is best grounded. Small feedback capacitor 
insures stability. 


c 
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Application Hints (Continued) 

Differential Amplifiers 

This differential amplifier handles high input voltages. Resis- 
tor mismatches and stray capacitors should be balanced 
out for best common-mode rejection. 


Cl 

5pF 



Two op-amp instrumentation amplifier has poor ac common 
mode rejection. This can be improved at the expense of 
differential bandwidth with C2. 

R5* 

2.2k 

IS 



* Gain set TL/H/5653-15 

t Trim for dc CMRR 
f 0 = 10 Hz 


High gain differential instrumentation amplifier includes input guarding, cable bootstrapping and bias current compensation. 
Differential bandwidth is reduced by Cl which also makes common-mode rejection less dependent on matching of input 
amplifiers. 



For moderate-gain instrumentation amplifiers, input amplifiers can be connected as followers. This simplifies circuitry, but A3 
must also have low drift. 




2-265 


LM11/LM11C/LM11CL 








LM1 1/LM1 1C/LM1 1CL 


Application Hints (Continued) 

Bias Current Compensation 

Precise bias current compensation for use with unregulated This circuit shows how bias current compensation can be 

supplies. Reference voltage is available for other circuitry. used on a voltage follower. 


v + 




Voltmeter 

High input impedance millivoltmeter. Input current is proportional to input voltage, about 10 pA at full scale. Reference could be 
used to make direct reading linear ohmmeter. 


Rt 
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Application Hints (Continued) 

Ammeter 

Current meter ranges from 100 pA to 3 mA full scale. Voltage across input is 100 p,V at lower ranges rising to 3 mV at 3 mA. 
Buffers on op amp are to remove ambiguity with high-current overload. Output can also drive DVM or DPM. 

332 



Current Source 

Precision current source has 10 jutA to 10 mA ranges with output compliance of 30V to — 5V. Output current is fully adjustable on 
each range with a calibrated, ten-turn potentiometer. Error light indicates saturation. 



OUTPUT 


’Calibrate range 
tSelect for Icbo ^ 1 00 pA 


TL/H/5653-21 
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Application Hints (Continued) 

Fast Amplifiers 

These inverters have bias current and offset voltage of 
LM1 1 along with speed of the FET op amps. Open loop gain 
is about 140 dB and settling time to 1 mV about 8 juS. Over- 
load-recovery delay can be eliminated by direct coupling the 
FET amplifier to summing node. 

R2 



R1 R5 

10k 10k 



This 100X amplifier has small and large signal bandwidth of 
1 MHz. The LM1 1 greatly reduces offset voltage, bias cur- 
rent and gain error. Eliminating long recovery delay for 
greater than 100% overload requires direct coupling of A2 
to input. 


R4 

10k 



Follower has 10 p,S setting to 1 mV, but signal repetition 
frequency should not exceed 10 kHz if the FET amplifier is 
ac coupled to input. The circuit does not behave well if com- 
mon-mode range is exceeded. 


v + 



Heater Control 

Proportional control crystal oven heater uses lead/lag com- 
pensation for fast settling. Time constant is changed with 
R4 and compensating resistor R5. If Q2 is inside oven, a 
regulated supply is recommended for 0.1 °C control. 



* Solid tantalum 
t Mylar 

$ Close thermal coupling between sensor and oven shell is recommended. 
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Application Hints (Continued) 

Leakage Isolation 

Switch leakage in this sample and hold does not reach storage capacitor. 



’Polystyrene or Teflon 
t Required if protected- 
gate switch is used 


TL/H/5653-26 


A peak detector designed for extended hold. Leakage currents of peak-detecting diodes and reset switch are absorbed before 
reaching storage capacitor. 



Reset is provided for this integrater and switch leakage is 
isolated from the summing junction. Greater precision can 
be provided if bias-current compensation is included. 



Standard-Cell Buffer 

Battery powered buffer amplifier for standard cell has negli- 
gible loading and disconnects cell for low supply voltage or 
overload on output. Indicator diode extinguishes as discon- 
nect circuitry is activated. 



TL/H/5653-28 


’Cannot have gate protection diode; Vth> Vqut 
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Application Hints (Continued) 

Logarithmic Amplifiers 

Unusual frequency compensation gives this logarithmic converi 
ing from 200 juts to 200 ms from 1 0 nA to 1 0 pA. Optional bias 
1 00°C. Scale factor is IV/decade and temperature compensate! 



Light meter has eight-decade range. Bias current compensation 
to 55°C. 





Schematic Diagram 



Definition of Terms 

Input offset voltage: That voltage which must be applied 
between the input terminals to bias the unloaded output in 
the linear region. 

Input offset current: The difference in the currents at the 
input terminals when the output is unloaded in the linear 
region. 

Input bias current: The absolute value of the average of 
the two input currents. 

Input resistance: The ratio of the change in input voltage to 
the change in input current on either input with the other 
grounded. 

Large signal voltage gain: The ratio of the specified output 
voltage swing to the change in differential input voltage re- 
quired to produce it. 


Common-mode rejection: The ratio of the input voltage 
range to the change in offset voltage between the ex- 
tremes. 

Temperature drift: The change of a parameter measured 
at 25°C and either temperature extreme divided by the tem- 
perature change. 

Power Supply Rejection Ratio: The ratio of the specified 
supply-voltage change (either or both supplies) to the 
change in offset voltage between the extremes. 

Supply current: The current required from the power 
source to operate the amplifier with the output unloaded 
and operating in the linear range. 



2-271 


LM1 1/LM1 1C/LM1 1CL 




LM12 



National 

Semiconductor 

Corporation 


PRELIMINARY 


LM12 (L/C/CL) 150W Op Amp 


General Description 

The LM12 is a power op amp capable of driving + 35V at 
±10A while operating from ±40V supplies. The monolithic 
1C can deliver 1 50W of sine wave power into a load with 
0.01% distortion. Power bandwidth is 60 kHz. Further, a 
peak dissipation capability of 800W allows it to handle reac- 
tive loads such as transducers, actuators or small motors 
without derating. Important features include: 

■ input protection 

■ controlled turn on 

■ thermal limiting 

■ overvoltage shutdown 

■ output-current limiting 

■ dynamic safe-area protection 

The 1C delivers ±10A output current at any output voltage 
yet is completely protected against overloads, including 
shorts to the supplies. The dynamic safe-area protection is 
provided by instantaneous peak-temperature limiting within 
the power transistor array. 

The turn-on characteristics are controlled by keeping the 
output open-circuited until the total supply voltage reaches 
14V. The output is also opened as the case temperature 


exceeds 150°C or as the supply voltage approaches the 
BVceo of the output transistors. The 1C withstands overvolt- 
ages to 100V. 

This monolithic op amp is compensated for unity-gain feed- 
back, with a small-signal bandwidth of 700 kHz. Slew rate is 
9V/jas, even as a follower. Distortion and capacitive-load 
stability rival that of the best designs using complementary 
output transistors. Further, the 1C withstands large differen- 
tial input voltages and is well behaved should the common- 
mode range be exceeded. 

The LM12 establishes that monolithic ICs can deliver con- 
siderable output power without resorting to complex switch- 
ing schemes. Devices can be paralleled or bridged for even 
greater output capability. Applications include operational 
power supplies, high-voltage regulators, high-quality audio 
amplifiers, tape-head positioners, x-y plotters or other ser- 
vo-control systems. 

The LM12 is supplied in a four-lead, TO-3 package with V - 
on the case. A gold-eutectic die-attach to a molybdenum 
interface is used to avoid thermal fatigue problems. Two 
voltage grades are available; both are specified for either 
military or commercial temperature range. 


Connection Diagram Typical Application* 



TL/H/8704-1 

Bottom View 



*Low distortion (0.01 %) audio amplifier 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

total supply voltage LM12/LM12C 100V 

LM12L/LM12CL 80V 

input voltage Note 1 


output current 

junction temperature 

storage temperature range 

lead temperature (soldering, 10 seconds) 

ESD rating to be determined. 


internally limited 
Note 2 
— 65°C to 150°C 
300°C 


Electrical Characteristics (Note 3) 




Typ 

25"C 

LM12 

LM12C 


Parameter 

Conditions 

LM12L 

LM12CL 

Units 



Limits 

Limits 


input offset voltage 

±iov<; v s <; ±0.5 v MA x> 

Vcm = 0 

2 

7/15 

15/20 

mV (max) 

input bias current 

v“ + 4V <; v CM ^ v + -2V 

0.15 

0.3/ 1.0 

0. 7/1.0 

juA (max) 

input offset current 

v +4V ^ v C M ^ v + — 2V 

0.03 

0.1 /0.3 

0.2/O.3 

ju.A (max) 

common mode 
rejection 

V" +4V <; v CM ^ v + -2V 

86 

75/70 

70/65 

dB (min) 

power supply 

V + =0.5V MAX , 

90 

75/70 

70/65 

dB (min) 

rejection 

— 6V ^ V ;>-0.5Vmax 



V- = -0.5VMAX. 

6V^V + <;o.5V MAX 

110 

80/75 

75/70 

dB (min) 

output saturation 

toN = 1 ms, 





threshold 

AV| N = 5 (10) mV, 






loUT = 1A 

1.8 

2. 2/2. 5 

2.2/2.S 

V (max) 


8A 

4 

5/7 

5/7 

V (max) 


10A 

5 

8 


V (max) 

large signal voltage 

t 0 N = 2 ms, 





gain 

V S at = 2V, Iqut = 0 

100 

50/30 

30/20 

V/mV (min) 


V S AT = 8V, R l = 4ft 

50 

20/15 

15/10 

V/mV (min) 

thermal gradient 
feedback 

Pdiss = sow, toN = os ms 

30 

50 

100 

/xV/W (max) 

output-current 

toN = 10 ms, Vqiss = 10V 

13 

16 

16 

A (max) 

limit 

toN = ioo ms, Vqiss = ssv 

1.5 

1. 0/0.6 

0. 9/0.6 

A (min) 



1.5 

1.7 

1.7 

A (max) 


LM12/LM12C 

toN = 100 ms, Vqiss = 78V 

0.7 

0. 6/0.4 

0.5/0.35 

A (min) 

power dissipation 

toN = ioo ms, Vqiss = 20V 

100 

90/40 

80/55 

W (min) 

rating 

Vqiss = ssv 

80 

58/35 

52/35 

W (min) 

dc thermal resistance 

(Note 4) Vqiss = 20V 

2.3 

2.6 

2.9 

°C/W (max) 


Vqiss = 58V 

2.7 

4.0 

4.5 

°C/W (max) 

ac thermal resistance 

(Note 4) 

1.6 

1.9 

2.1 

°C/W (max) 

supply current 

Vout = o, Iqut = o 

60 

80/90 

120/140 

mA (max) 


Note 1. Neither input should exceed the supply voltage by more than 50 volts nor should the voltage between one input and any other terminal exceed 80 volts for 
the LM12/LM12C or 60 volts for the LM12L/LM12CL. 


Note 2. Operating junction temperature is internally limited near 225°C within the power transistor and 160°C for the control circuitry. 

Note 3. The supply voltage is ±40V (V MAX = 80V) for the LM12/LM12C and ±30V (V MAX = 60V) for the LM12L/LM12CL, unless otherwise specified. The 
voltage across the conducting output transistor (supply to output) is Vqiss and internal power dissipation is Pdiss- Temperature range is -55°C ^ Tq £ 125°C for 
the LM12/LM12L and 0°C £ Tq £ 70°C for LM12C/LM12CL, where Tc is the case temperature. Standard typeface indicates limits at 25°C while boldface type 
refers to limits or special conditions over full temperature range. With no heat sink, the package will heat at a rate of 35°C/sec per 100W of internal 
dissipation. 

Note 4. This thermal resistance is based upon a peak temperature of 200°C in the center of the power transistor and a case temperature of 25°C measured at the 
center of the package bottom. The maximum junction temperature of the control circuitry can be estimated based upon a dc thermal resistance of 0.9°C/W or an ac 
thermal resistance of 0.6°C/W for any operating voltage. 

Although the output and supply leads are resistant to electrostatic discharges from handling, the input leads are not. 
The part should be treated accordingly. 
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Typical Performance Characteristics 
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tLM12/LM12L. The power ratings of the LM12C/LM12CL are 10-percent less at 20V and 15-percent less at 60V, with a corresponding increase in thermal 
resistance and decrease in safe area current. 
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Application Information 

general 

Twenty five years ago the operational amplifier was a spe- 
cialized design tool used primarily for analog computation. 
However, the availability of low cost 1C op amps in the late 
1960’s prompted their use in rather mundane applications, 
replacing a few discrete components. Once a few basic 
principles are mastered, op amps can be used to give ex- 
ceptionally good results in a wide range of applications 
while minimizing both cost and design effort. 

The availability of a monolithic power op amp now promises 
to extend these advantages to high-power designs. Some 
conventional applications are given here to illustrate op amp 
design principles as they relate to power circuitry. The inevi- 
table fall in prices, as the economies of volume production 
are realized, will prompt their use in applications that might 
now seem trivial. Replacing single power transistors with an 
op amp will become economical because of improved per- 
formance, simplification of attendant circuitry, vastly im- 
proved fault protection, greater reliability and the reduction 
of design time. 

Power op amps introduce new factors into the design equa- 
tion. With current transients above 1 0A, both the inductance 
and resistance of wire interconnects become important in a 
number of ways. Further, power ratings are a crucial factor 
in determining performance. But the power capability of the 
1C cannot be realized unless it is properly mounted to an 
adequate heat sink. Thus, thermal design is of major impor- 
tance with power op amps. 

This application summary starts off by identifying the origin 
of strange problems observed while using the LM12 in a 
wide variety of designs with all sorts of fault conditions. A 
few simple precautions will eliminate these problems. One 

would do well to read the section on supply bypassing, 
lead inductance, output clamp diodes, ground loops 
and reactive loading before doing any experimentation. 
Should there be problems with erratic operation, blow- 
outs, excessive distortion or oscillation, another look at 
these sections is in order. 

The management and protection circuitry can also affect 
operation. Should the total supply voltage exceed ratings or 
drop below 15V, the op amp shuts off completely. Case 
temperatures above 1 50°C also cause shut down until the 
temperature drops to 145°C. This may take several sec- 
onds, depending on the thermal system. Activation of the 
dynamic safe-area protection causes both the main feed- 
back loop to lose control and a reduction in output power, 
with possible oscillations. In ac applications, the dynamic 
protection will cause waveform distortion. Since the LM12 is 
well protected against thermal overloads, the suggestions 
for determining power dissipation and heat sink require- 
ments are presented last. 

supply bypassing 

All op amps should have their supply leads bypassed with 
low-inductance capacitors having short leads and located 
close to the package terminals to avoid spurious oscillation 
problems. Power op amps require larger bypass capacitors. 
The LM12 is stable with good-quality electrolytic bypass ca- 
pacitors greater than 20 /xF. Other considerations may re- 
quire larger capacitors. 


The current in the supply leads is a rectified component of 
the load current. If adequate bypassing is not provided, this 
distorted signal can be fed back into internal circuitry. Low 
distortion at high frequencies requires that the supplies be 
bypassed with 470 jxF or more, at the package terminals. 

lead inductance 

With ordinary op amps, lead-inductance problems are usual- 
ly restricted to supply bypassing. Power op amps are also 
sensitive to inductance in the output lead, particularly with 
heavy capacitive loading. Feedback to the input should be 
taken directly from the output terminal, minimizing common 
inductance with the load. Sensing to a remote load must be 
accompanied by a high-frequency feedback path directly 
from the output terminal. Lead inductance can also cause 
voltage surges on the supplies. With long leads to the power 
source, energy stored in the lead inductance when the out- 
put is shorted can be dumped back into the supply bypass 
capacitors when the short is removed. The magnitude of 
this transient is reduced by increasing the size of the bypass 
capacitor near the 1C. With 20 jxF local bypass, these volt- 
age surges are important only if the lead length exceeds a 
couple feet (> 1 jnH lead inductance). Twisting together the 
supply and ground leads minimizes the effect. 

ground loops 

With fast, high-current circuitry, all sorts of problems can 
arise from improper grounding. In general, difficulties can be 
avoided by returning all grounds separately to a common 
point. Sometimes this is impractical. When compromising, 
special attention should be paid to the ground returns for 
the supply bypasses, load and input signal. Ground planes 
also help to provide proper grounding. 

Many problems unrelated to system performance can be 
traced to the grounding of line-operated test equipment 
used for system checkout. Hidden paths are particularly dif- 
ficult to sort out when several pieces of test equipment are 
used but can be minimized by using current probes or the 
new isolated oscilloscope pre-amplifiers. Eliminating any di- 
rect ground connection between the signal generator and 
the oscilloscope synchronization input solves one common 
problem. 

output clamp diodes 

When a push-pull amplifier goes into power limit while driv- 
ing an inductive load, the stored energy in the load induc- 
tance can drive the output outside the supplies. Although 
the LM12 has internal clamp diodes that can handle several 
amperes for a few milliseconds, extreme conditions can 
cause destruction of the 1C. The internal clamp diodes are 
imperfect in that about half the clamp current flows into the 
supply to which the output is clamped while the other half 
flows across the supplies. Therefore, the use of external 
diodes to clamp the output to the power supplies is strongly 
recommended. This is particularly important with higher sup- 
ply voltages. 

Experience has demonstrated that hard-wire shorting the 
output to the supplies can induce random failures if these 
external clamp diodes are not used and the supply voltages 
are above ±20V. Therefore it is prudent to use output- 
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clamp diodes even when the load is not particularly induc- 
tive. This also applies to experimental setups in that blow- 
outs have been observed when diodes were not used. In 
packaged equipment, it may be possible to eliminate these 
diodes, providing that fault conditions can be controlled. 



Heat sinking of the clamp diodes is usually unimportant in 
that they only clamp current transients. Forward drop with 
15A fault transients is of greater concern. Usually, these 
transients die out rapidly. The clamp to the negative supply 
can have somewhat reduced effectiveness under worst 
case conditions should the forward drop exceed 1.0V. 
Mounting this diode to the power op amp heat sink improves 
the situation. Although the need has only been demonstrat- 
ed with some motor loads, including a third diode (D3 
above) will eliminate any concern about the clamp diodes. 
This diode, however, must be capable of dissipating contin- 
uous power as determined by the negative supply current of 
the op amp. 

reactive loading 

The LM12 is normally stable with resistive, inductive or 
smaller capacitive loads. Larger capacitive loads interact 
with the open-loop output resistance (about 1 ft) to reduce 
the phase margin of the feedback loop, ultimately causing 
oscillation. The critical capacitance depends upon the feed- 
back applied around the amplifier; a unity-gain follower can 
handle about 0.01 juF, while more than 1 jaF does not cause 
problems if the loop gain is ten. With loop gains greater than 
unity, a speedup capacitor across the feedback resistor will 
aid stability. In all cases, the op amp will behave predictably 
only if the supplies are properly bypassed, ground loops are 
controlled and high-frequency feedback is derived directly 
from the output terminal, as recommended earlier. 
So-called capacitive loads are not always capacitive. A 
high-Q capacitor in combination with long leads can present 
a series-resonant load to the op amp. In practice, this is not 
usually a problem; but the situation should be kept in mind. 
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Large capacitive loads (including series-resonant) can be 
accommodated by isolating the feedback amplifier from the 
load as shown above. The inductor gives low output imped- 
ance at lower frequencies while providing an isolating im- 
pedance at high frequencies. The resistor kills the Q of se- 
ries resonant circuits formed by capacitive loads. A low in- 
ductance, carbon-composition resistor is recommended. 
Optimum values of L and R depend upon the feedback gain 


and expected nature of the load, but are not critical. A 4 ju,H 
inductor is obtained with 14 turns of number 18 wire, close 
spaced, around a one-inch-diameter form. 



TL/H/8704-8 


The LM12 can be made stable for all loads with a large 
capacitor on the output, as shown above. This compensa- 
tion gives the lowest possible closed-loop output imped- 
ance at high frequencies and the best load-transient re- 
sponse. It is appropriate for such applications as voltage 
regulators. 

A feedback capacitor, C-|, is connected directly to the output 
pin of the 1C. The output capacitor, C 2 , is connected at the 
output terminal with short leads. Single-point grounding to 
avoid dc and ac ground loops is advised. 

The impedance, Z-|, is the wire connecting the op amp out- 
put to the load capacitor. About 3-inches of number-18 wire 
(70 nH) gives good stability and 18-inches (400 nH) begins 
to degrade load-transient response. The minimum load ca- 
pacitance is 47 ju,F, if a solid-tantalum capacitor with an 
equivalent series resistance (ESR) of 0.1ft is used. Electro- 
lytic capacitors work as well, although capacitance may 
have to be increased to 200 jxF to bring ESR below 0.1ft. 
Loop stability is not the only concern when op amps are 
operated with reactive loads. With time-varying signals, 
power dissipation can also increase markedly. This is partic- 
ularly true with the combination of capacitive loads and 
high-frequency excitation. 


input compensation 

The LM12 is prone to low-amplitude oscillation bursts com- 
ing out of saturation if the high-frequency loop gain is near 
unity. The voltage follower connection is most susceptible. 
This glitching can be eliminated at the expense of small-sig- 
nal bandwidth using input compensation. Input compensa- 
tion can also be used in combination with LR load isolation 
to improve capacitive load stability. 



TL/H/8704-9 

An example of a voltage follower with input compensation is 
shown here. The R 2 C 2 combination across the input works 
with Ri to reduce feedback at high frequencies without 
greatly affecting response below 100 kHz. A lead capacitor, 
Ci, improves phase margin at the unity-gain crossover fre- 
quency. Proper operation requires that the output imped- 
ance of the circuitry driving the follower be well under 1 kft 
at frequencies up to a few hundred kilohertz. 
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Extending input compensation to the integrator connection 
is shown here. Both the follower and this integrator will han- 
dle 1 julF capacitive loading without LR output isolation. 

current drive 



This circuit provides an output current proportional to the 
input voltage. Current drive is sometimes preferred for servo 
motors because it aids in stabilizing the servo loop by reduc- 
ing phase lag caused by motor inductance. In applications 
requiring high output resistance, such as operational power 
supplies running in the current mode, matching of the feed- 
back resistors to 0.01 % is required. Alternately, an adjusta- 
ble resistor can be used for trimming. 

parallel operation 



Output drive beyond the capability of one power amplifier 
can be provided as shown here. The power op amps are 
wired as followers and connected in parallel with the out- 
puts coupled through equalization resistors. A standard, 
high-voltage op amp is used to provide voltage gain. Overall 
feedback compensates for the voltage dropped across the 
equalization resistors. 

With parallel operation, there may be an increase in unload- 
ed supply current related to the offset voltage across the 


equalization resistors. More output buffers, with individual 
equalization resistors, may be added to meet even higher 
drive requirements. 



This connection allows increased output capability without 
requiring a separate control amplifier. The output buffer, A 2 , 
provides load current through R 5 equal to that supplied by 
the main amplifier, Ai, through R 4 . Again, more output buff- 
ers can be added. 

Current sharing among paralleled amplifiers can be affected 
by gain error as the power-bandwidth limit is approached. In 
the first circuit, the operating current increase will depend 
upon the matching of high-frequency characteristics. In the 
second circuit, however, the entire input error of A 2 appears 
across R 4 and R 5 . The supply current increase can cause 
power limiting to be activated as the slew limit is ap- 
proached. This will not damage the LM12. It can be avoided 
in both cases by connecting A-j as an inverting amplifier and 
restricting bandwidth with C-|. 

single-supply operation 



Although op amps are usually operated from dual supplies, 
single-supply operation is practical. This bridge amplifier 
supplies bi-directional current drive to a servo motor while 
operating from a single positive supply. The output is easily 
converted to voltage drive by shorting R q and connecting 
R 7 to the output of A 2 , rather than A-| . 

Either input may be grounded, with bi-directional drive pro- 
vided to the other. It is also possible to connect one input to 
a positive reference, with the input signal varying about this 
voltage. If the reference voltage is above 5V, R 2 and R 3 are 
not required. 
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high voltage amplifiers 



TL/H/8704-15 

The voltage swing delivered to the load can be doubled by 
using the bridge connection shown here. Output clamping to 
the supplies can be provided by using a bridge-rectifier as- 
sembly. 



One limitation of the standard bridge connection is that the 
load cannot be returned to ground. This can be circumvent- 
ed by operating the bridge with floating supplies, as shown 
above. For single-ended drive, either input can be ground- 
ed. 



This circuit shows how two amplifiers can be cascaded to double output swing. The advantage over the bridge is that the output 
can be increased with any number of stages, although separate supplies are required for each. 



Discrete transistors can be used to increase output drive to ± 90V at ± 1 0A as shown above. With proper thermal design, the 1C 
will provide safe-area protection for the external transistors. Voltage gain is about thirty. 
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operational power supply 



External current limit can be provided for a power op amp as shown above. The positive and negative current limits can be set 
precisely and independently. Fast response is assured by Di and D2. Adjustment range can be set down to zero with potentiom- 
eters R3 and R7. Alternately, the limit can be programmed from a voltage supplied to R2 and R6- This is the set up required for 
an operational power supply or voltage-programmable power source. 


servo amplifiers 

When making servo systems with a power op amp, there is 
a temptation to use it for frequency shaping to stabilize the 
servo loop. Sometimes this works; other times there are 
better ways; and occasionally it just doesn’t fly. Usually it’s a 
matter of how quickly and to what accuracy the servo must 
stabilize. 



This motor/tachometer servo gives an output speed propor- 
tional to input voltage. A low-level op amp is used for fre- 
quency shaping while the power op amp provides current 
drive to the motor. Current drive eliminates loop phase shift 
due to motor inductance and makes high-performance ser- 
vos easier to stabilize. 



This position servo uses an op amp to develop the rate 
signal electrically instead of using a tachometer. In high-per- 
formance servos, rate signals must be developed with large 
error signals well beyond saturation of the motor drive. Us- 
ing a separate op amp with a feedback clamp allows the 
rate signal to be developed properly with position errors 
more than an order of magnitude beyond the loop-satura- 
tion level as long as the photodiode sensors are positioned 
with this in mind. 
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voltage regulators 


remote sensing 



700 

TL/H/8704-22 

An op amp can be used as a positive or negative regulator. 
Unlike most regulators, it can sink current to absorb energy 
dumped back into the output. This positive regulator has a 
0-70V output range. 



Dual supplies are not required to use an op amp as a volt- 
age regulator if zero output is not required. This 4V to 70V 
regulator operates from a single supply. Should the op amp 
not be able to absorb enough energy to control an overvolt- 
age condition, a SCR will crowbar the output. 


R1 R3 

5K 50k 



Remote sensing as shown above allows the op amp to cor- 
rect for dc drops in cables connecting the load. Even so, 
cable drop will affect transient response. Degradation can 
be minimized by using twisted, heavy-gauge wires on the 
output line. Normally, common and one input are connected 
together at the sending end. 

audio amplifiers 


ci 



A power amplifier suitable for use in high-quality audio 
equipment is shown above. Harmonic distortion is about 
0.01 -percent. Intermodulation distortion (60 Hz/7 kHz, 4:1) 
measured 0.015-percent. Transient response and saturation 
recovery are clean, and the 9 V/jus slew rate of the LM12 
virtually eliminates transient intermodulation distortion. Us- 
ing separate amplifiers to drive low- and high-frequency 
speakers gets rid of high-level crossover networks and at- 
tenuators. Further, it prevents clipping on the low-frequency 
channel from distorting the high frequencies. 
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determining maximum dissipation 

It is a simple matter to establish power requirements for an 
op amp driving a resistive load at frequencies well below 
10 Hz. Maximum dissipation occurs when the output is at 
one-half the supply voltage with high-line conditions. The 
individual output transistors must be rated to handle this 
power continuously at the maximum expected case temper- 
ature. The power rating is limited by the maximum junction 
temperature as determined by 

Tj = T c + Pqiss 0JC. 

where Tc is the case temperature as measured at the cen- 
ter of the package bottom, Ppiss is the maximum power 
dissipation and 0jc is the thermal resistance at the operat- 
ing voltage of the output transistor. Recommended maxi- 
mum junction temperatures are 200°C within the power tran- 
sistor and 1 50°C for the control circuitry. 

If there is ripple on the supply bus, it is valid to use the 
average value in worst-case calculations as long as the 
peak rating of the power transistor is not exceeded at the 
ripple peak. With 120 Hz ripple, this is 1 .5 times the continu- 
ous power rating. 

Dissipation requirements are not so easily established with 
time varying output signals, especially with reactive loads. 
Both peak and continuous dissipation ratings must be taken 
into account, and these depend on the signal waveform as 
well as load characteristics. 


With a sine wave output, analysis is fairly straightforward. 
With supply voltages of ± Vs, the maximum average power 
dissipation of both output transistors is 


p MAX = 


2V S 2 

7r 2 Z L COS0’ 


0 < 40°; 


and 


P MAX 


Vs 2 [4 

= COS0 

2Z|_ ITT 


0 ^ 40°, 


where Z\_ is the magnitude of the load impedance and 0 its 
phase angle. Maximum average dissipation occurs below 
maximum output swing for 0 < 40°. 



CONDUCTION ANGLE (DEGREES) 

TL/H/8704-26 

The instantaneous power dissipation over the conducting 
half cycle of one output transistor is shown here. Power 
dissipation is near zero on the other half cycle. The output 
level is that resulting in maximum peak and average dissipa- 
tion. Plots are given for a resistive and a series RL load. The 
latter is representative of a 4ft loudspeaker operating below 
resonance and would be the worst case condition in most 


audio applications. The peak dissipation of each transistor is 
about four times average. In ac applications, power capabili- 
ty is often limited by the peak ratings of the power transistor. 
The pulse thermal resistance of the LM12 is specified for 
constant power pulse duration. Establishing an exact equiv- 
alency between constant-power pulses and those encoun- 
tered in practice is not easy. However, for sine waves, rea- 
sonable estimates can be made at any frequency by assum- 
ing a constant power pulse amplitude given by: 

PpK “5z[[ 1 ' C08(<M) ]’ 

where cj> = 60° and 0 is the absolute value of the phase 
angle of Z\_. Equivalent pulse width is toN = 0.4t for 0 = 0 
and toN = 0.2r for 0 ^ 20°, where r is the period of the 
output waveform. 

dissipation driving motors 

A motor with a locked rotor looks like an inductance in se- 
ries with a resistance, for purposes of determining driver 
dissipation. With slow-response servos, the maximum signal 
amplitude at frequencies where motor inductance is signifi- 
cant can be so small that motor inductance does not have 
to be taken into account. If this is the case, the motor can 
be treated as a simple, resistive load as long as the rotor 
speed is low enough that the back emf is small by compari- 
son to the supply voltage of the driver transistor. 

A permanent-magnet motor can build up a back emf that is 
equal to the output swing of the op amp driving it. Reversing 
this motor from full speed requires the output drive transis- 
tor to operate, initially, along a loadline based upon the mo- 
tor resistance and total supply voltage. Worst case, this 
loadline will have to be within the continuous dissipation 
rating of the drive transistor; but system dynamics may per- 
mit taking advantage of the higher pulse ratings. Motor in- 
ductance can cause added stress if system response is 
fast. 

Shunt- and series-wound motors can generate back emf s 
that are considerably more than the total supply voltage, 
resulting in even higher peak dissipation than a permanent- 
magnet motor having the same locked-rotor resistance. 

voltage regulator dissipation 

The pass transistor dissipation of a voltage regulator is easi- 
ly determined in the operating mode. Maximum continuous 
dissipation occurs with high line voltage and maximum load 
current. As discussed earlier, ripple voltage can be aver- 
aged if peak ratings are not exceeded; however, a higher 
average voltage will be required to insure that the pass tran- 
sistor does not saturate at the ripple minimum. 

Conditions during start-up can be more complex. If the input 
voltage increases slowly such that the regulator does not go 
into current limit charging output capacitance, there are no 
problems. If not, load capacitance and load characteristics 
must be taken into account. This is also the case if automat- 
ic restart is required in recovering from overloads. 
Automatic restart or start-up with fast-rising input voltages 
cannot be guaranteed unless the continuous dissipation rat- 
ing of the pass transistor is adequate to supply the load 
current continuously at all voltages below the regulated out- 
put voltage. In this regard, the LM12 performs much better 
than 1C regulators using foldback current limit, especially 
with high-line input voltage above 20 V. 
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power limiting 



0 5 10 15 20 25 


6 

4 

2 

0 

-2 

-4 

-6 


Should the power ratings of the LM12 be exceeded, dynam- 
ic safe-area protection is activated. Waveforms with this 
power limiting are shown for the LM12 driving ±36V at 
40 Hz into in series with 24 mH (0 = 45°). With an 
inductive load, the output clamps to the supplies in power 
limit, as above. With resistive loads, the output voltage 
drops in limit. Behavior with more complex RCL loads is 
between these extremes. 

Secondary thermal limit is activated should the case tem- 
perature exceed 1 50°C. This thermal limit shuts down the 1C 
completely (open output) until the case temperature drops 
to about 1 45°C. Recovery may take several seconds. 


power supplies 

Power op amps do not require regulated supplies. However, 
the worst-case output power is determined by the low-line 
supply voltage in the ripple trough. The worst-case power 
dissipation is established by the average supply voltage with 
high-line conditions. The loss in power output that can be 
guaranteed is the square of the ratio of these two voltages. 
Relatively simple off-line switching power supplies can pro- 
vide voltage conversion, line isolation and 5-percent regula- 
tion while reducing size and weight. 

The regulation against ripple and line variations can provide 
a substantial increase in the power output that can be guar- 
anteed under worst-case conditions. In addition, switching 
power supplies can convert low-voltage power sources 
such as automotive batteries up to regulated, dual, high- 
voltage supplies optimized for powering power op amps. 


heat sinking 

A semiconductor manufacturer has no control over heat 
sink design. Temperature rating can only be based upon 


case temperature as measured at the center of the package 
bottom. With power pulses of longer duration than 100 ms, 
case temperature is almost entirely dependent on heat sink 
design and the mounting of the 1C to the heat sink. 



200 500 1000 2000 


HEAT-SINK AREA (In 2 ) 


TL/H/8704-28 


The design of heat sink is beyond the scope of this work. 
Convection-cooled heat sinks are available commercially, 
and their manufacturers should be consulted for ratings. 
The preceding figure is a rough guide for temperature rise 
as a function of fin area (both sides) available for convection 
cooling. 

Proper mounting of the 1C is required to minimize the ther- 
mal drop between the package and the heat sink. The heat 
sink must also have enough metal under the package to 
conduct heat from the center of the package bottom to the 
fins without excessive temperature drop. 

A thermal grease such as Wakefield type 120 or Thermalloy 
Thermacote should be used when mounting the package to 
the heat sink. Without this compound, thermal resistance 
will be no better than 0.5°C/W, and probably much worse. 
With the compound, thermal resistance will be 0.2°C/W or 
less, assuming under 0.005 inch combined flatness runout 
for the package and heat sink. Proper torquing of the 
mounting bolts is important. Four to six inch-pounds is rec- 
ommended. 

Should it be necessary to isolate V - from the heat sink, an 
insulating washer is required. Hard washers like berylium 
oxide, anodized aluminum and mica require the use of ther- 
mal compound on both faces. Two-mil mica washers are 
most common, giving about 0.4°C/W interface resistance 
with the compound. Silicone-rubber washers are also avail- 
able. A 0.5°C/W thermal resistance is claimed without ther- 
mal compound. Experience has shown that these rubber 
washers deteriorate and must be replaced should the 1C be 
dismounted. 
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Definition of Terms 

Input offset voltage: The absolute value of the voltage 
between the input terminals with the output voltage and cur- 
rent at zero. 

Input bias current: The absolute value of the average of 
the two input currents with the output voltage and current at 
zero. 

Input offset current: The absolute value of the difference 
in the two input currents with the output voltage and current 
at zero. 

Common-mode rejection: The ratio of the input voltage 
range to the change in offset voltage between the ex- 
tremes. 

Supply-voltage rejection: The ratio of the specified sup- 
ply-voltage change to the change in offset voltage between 
the extremes. 

Output saturation threshold: The output swing limit for a 
specified input drive beyond that required for zero output. It 
is measured with respect to the supply to which the output is 
swinging. 

Large signal voltage gain: The ratio of the output voltage 
swing to the differential input voltage required to drive the 
output from zero to either swing limit. The output swing limit 
is the supply voltage less a specified quasi-saturation volt- 
age. A pulse of short enough duration to minimize thermal 
effects is used as a measurement signal. 


Thermal gradient feedback: The input offset voltage 
change caused by thermal gradients generated by heating 
of the output transistors, but not the package. This effect is 
delayed by several milliseconds and results in increased 
gain error below 100 Hz. 

Output-current limit: The output current with a fixed output 
voltage and a large input overdrive. The limiting current 
drops with time once the protection circuitry is activated. 
Power dissipation rating: The power that can be dissipat- 
ed for a specified time interval without activating the protec- 
tion circuitry. For time intervals in excess of 100 ms, dissipa- 
tion capability is determined by heat sinking of the 1C pack- 
age rather than by the 1C itself. 

Thermal resistance: The peak, junction-temperature rise, 
per unit of internal power dissipation, above the case tem- 
perature as measured at the center of the package bottom. 
The dc thermal resistance applies when one output transis- 
tor is operating continuously. The ac thermal resistance ap- 
plies with the output transistors conducting alternately at a 
high enough frequency that the peak capability of neither 
transistor is exceeded. 

Supply current: The current required from the power 
source to operate the amplifier with the output voltage and 
current at zero. 


Equivalent Schematic (excluding active protection circuitry) 
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National 

Semiconductor 

Corporation 


LM101A/LM201A/LI\fI3Q1A Operational Amplifiers 


General Description 

The LM101 A series are general purpose operational amplifi- 
ers which feature improved performance over industry stan- 
dards like the LM709. Advanced processing techniques 
make possible an order of magnitude reduction in input cur- 
rents, and a redesign of the biasing circuitry reduces the 
temperature drift of input current. Improved specifications 
include: 

D3 Offset voltage 3 mV maximum over 
temperature (LM101A/LM201A) 
ta Input current 100 nA maximum over 
temperature (LM101A/LM201A) 
ca Offset current 20 nA maximum over 
temperature (LM101A/LM201A) 

0 Guaranteed drift characteristics 
o Offsets guaranteed over entire common mode and sup- 
ply voltage ranges 

□ Slew rate of IOV/jus as a summing amplifier 
This amplifier offers many features which make its applica- 
tion nearly foolproof: overload protection on the input and 


output, no latch-up when the common mode range is ex- 
ceeded, and freedom from oscillations and compensation 
with a single 30 pF capacitor. It has advantages over inter- 
nally compensated amplifiers in that the frequency compen- 
sation can be tailored to the particular application. For ex- 
ample, in low frequency circuits it can be overcompensated 
for increased stability margin. Or the compensation can be 
optimized to give more than a factor of ten improvement in 
high frequency performance for most applications. 

In addition, the device provides better accuracy and lower 
noise in high impedance circuitry. The low input currents 
also make it particularly well suited for long interval integra- 
tors or timers, sample and hold circuits and low frequency 
waveform generators. Further, replacing circuits where 
matched transistor pairs buffer the inputs of conventional 1C 
op amps, it can give lower offset voltage and a drift at a 
lower cost. 

The LM101A is guaranteed over a temperature range of 
— 55°C to +125°C, the LM201A from -25°C to +85°C, 
and the LM301A from 0°C to +70°C. 


Schematic** and Connection Diagrams (Top View) 


BAL/ 



BALANCE/ 11 

COMPENSATION 

INPUT — 

INPUT — 

V” — - 



COMPENSATION 
V + 

OUTPUT 

BALANCE 

TL/H/7752-4 


Order Number LM101AJ, 
LM201AJ, LM301AJ, LM201AN or LM301AN 
See NS Package Number J08A or N08A 


Metal Can Package 

COMPENSATION 



Order Number LM101AH, 
LM201AH or LM301AH 
See NS Package Number H08C 


Dual-ln-Line Package 


BALANCE/ 

COMPENSATION 

INPUT 

INPUT 

V" 



COMPENSATION 

V + 

OUTPUT 

BALANCE 

TL/H/7752-3 


Note: Pin 6 connected to bottom of package. 

Order Number LM101AJ-14A, 
LM201 AJ-14 or LM301AJ-14 
See NS Package Number J14A 


**Pin connections shown are for 8-pin packages. 
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LM101A/LM201A/LM301A 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for 


availability and specifications. 


LM101A/LM201A 

LM301A 

Supply Voltage 

±22V 

± 18V 

Differential Input Voltage 

±30V 

±30V 

Input Voltage (Note 1) 

±15V 

± 15V 

Output Short Circuit Duration (Note 2) 

Indefinite 

Indefinite 

Operating Junction Temp. Range 

— 55°C to +125°C (LM101A) 

— 25°C to +85°C (LM201A) 


Tj Max 

H-Package 

150°C 

100°C 

N-Package 

150°C 

100°C 

J-Package 

150°C 

100°C 

M-Package 

Power Dissipation at Ta = 25°C 

H-Package (Still Air) 

500 mW 

300 mW 

(400 LF/MinAir Flow) 

1200 mW 

700 mW 

N-Package 

900 mW 

500 mW 

J-Package 

1000 mW 

650 mW 

M-Package 

Thermal Resistance (Typical) 0 >a 

H-Package (Still Air) 

230°C/W 

230°C/W 

(400 LF/Min Air Flow) 

95°C/W 

95°C/W 

N Package 

135°C/W 

1 35°C/W 

J-Package 

110°C/W 

1 1 0°CmW 

M-Package 
(Typical) 0 jC 

H-Package (Still Air) 

25°C/W 

25°C/W 

(400 LF/Min Air Flow) 

10°C/W 

10°C/W 

Storage Temperature Range 

— 65°C to + 1 50°C 

— 65°C to + 15( 

Lead Temperature (Soldering, 10 sec.) 

Metal Can or Ceramic 

300°C 

300°C 

Plastic 

260°C 

260°C 

ESD rating to be determined. 


Electrical Characteristics (Note 3) ta = T d 


Parameter 

Conditions 

LM101A/LM201 A 

LM301A 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

T a = 25°C, R s <: 50 kft 


0.7 

2.0 


2.0 

7.5 

mV 

Input Offset Current 

T a = 25°C 


1.5 

10 


3.0 

50 

nA 

Input Bias Current 

T a = 25°C 


30 

75 


70 

250 

nA 

Input Resistance 

T a = 25°C 

m 

4.0 



2.0 



Supply Current 

T a = 25° C 

V s = ±20V 


1.8 

3.0 




mA 

V s = ±15V 





1.8 

3.0 

mA 

Large Signal Voltage Gain 

T a = 25°C, V s = ± 15V 

VoUT= ±10V, R L ^ 2 kfi 

50 



25 


■ 


Input Offset Voltage 

Rs ^ 50 kfi 



m 



na 

mV 

Average Temperature Coefficient 
of Input Offset Voltage 

R s ^ 50 kQ 


3.0 

i 

15 


6.0 

30 

juV/°C 

Input Offset Current 




20 



m 

nA 

Average Temperature Coefficient 
of Input Offset Current 

25°C^Ta^T MA x 

Tmin ^ T a ^ 25°C 


0.01 

0.1 




nA/°C 


0.02 

0.2 


0.02 


nA/°C 
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Electrical Characteristics (Note 3> t a = tj (continued) 


Parameter 

Conditions 

LM101A/LM201A 

LM301A 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Bias Current 




0.1 



0.3 

julA 

Supply Current 

T A = T M aX.V S = ±20V 


1.2 

2.5 




mA 

Large Signal Voltage Gain 

V S = ±15V, V 0 UT = ±10V 

R l ^ 2k 

25 



15 



V/mV 

Output Voltage Swing 

V S = ±15V 

R L = 10 ka 

±12 

±14 


±12 

±14 


V 

R l = 2 ka 

±10 

±13 


±10 

±13 


V 

Input Voltage Range 

V S = ±20V 

±15 






V 

V S = ± 15V 


±15, -13 


±12 

+ 15, -13 


V 

Common-Mode Rejection Ratio 

R s ^ 50 k a 

80 

96 


70 

90 


dB 

Supply Voltage Rejection Ratio 

R s ^ 50 ka 

80 

96 


70 

96 


dB 


Note 1: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 2: Continuous short circuit is allowed for case temperatures to 125°C and ambient temperatures to 75°C for LM101A/LM201A, and 70°C and 55°C 
respectively for LM301A. 

Note 3: Unless otherwise specified, these specifications apply for Cl = 30 pF, ±5V ^ Vs ^ ± 20V and -55°C ^ Ta ^ + 125°C (LM101A), ±5V ^ Vs ^ ±20V 
and — 25°C ^ T A ^ +85°C (LM201A), ±5V ^ V s ^ ±15V and 0°C £ T A £ + 70°C (LM301A). 

Note 4: Refer to RETS101AX for LM101 A military specifications. 

Guaranteed Performance Characteristics lmioia/lm 2 oia 


Input Voltage Range 



SUPPLY VOLTAGE (±V) 


Output Swing 



SUPPLY VOLTAGE (±V) 


Guaranteed Performance Characteristics lm3oia 


Input Voltage Range 



5 10 15 

SUPPLY VOLTAGE (±V) 


Output Swing 



5 10 IS 

SUPPLY VOLTAGE (±V) 



5 10 15 20 

SUPPLY VOLTAGE (±V) 

TL/H/7752-5 


Voltage Gain 



5 10 15 

SUPPLY VOLTAGE <±V) 


TL/H/7752-6 


2 
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LM101A/LM201A/LM301A 





Typical Performance Characteristics for Various Compensation Circuits** 


Single Pole Compensation Two Pole Compensation 


R2 R2 



Open Loop Frequency 
Response 



1 to 100 Ik 10k leak 1M 1CM 

FREQUENCY (Hz) 

TL/H/7752-9 


Large Signal Frequency 
Response 



IK 10K 100K 1M 10M 


FREQUENCY (Hz) 

TL/H/7752-10 


Voltage Follower Pulse 
Response 



0 10 20 30 40 50 60 70 80 
TIME H 


Open Loop Frequency 
Response 



FREQUENCY (Hz) 


TL/H/7752-13 

Large Signal Frequency 


Response 



10k 100k 1M 


FREQUENCY (Hz) 

TL/H/7752-14 

Voltage Follower Pulse 
Response 



0 10 20 30 40 50 60 70 80 


TIME M 


TL/H/7752-1 1 


TL/H/7752-15 


Feedforward Compensation 



Open Loop Frequency 
Response 

225 
180 
135 » 

m 

80 | 
45 It 

i 

0 


10 ICO Ik 10k 100k 1M IBM 1Q8M 
FREQUENCY (Hz) 

TL/H/7752-1 7 


Large Signal Frequency 
Response 



100k 1M 16M 

FREQUENCY (Hz) 

TL/H/7752-1 8 


Inverter Pulse Response 



0 1 2 3 4 5 6 7 8 

TIME M 



TL/H/7752-1 9 


**Pin connections shown are for 8-pin packages. 
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LM101A/LM201A/LM301A 


Typical Applications** 


Variable Capacitance Multiplier 


Simulated Inductor 


R1 R2 



Fast Inverting Amplifier 
with High Input Impedance 



Inverting Amplifier 
with Balancing Circuit 


Cl R1 R2 




Sine Wave Oscillator 



Integrator with Bias Current 
Compensation 



’Adjust for zero integrator drift. Current drift typically 
0.1 nA/°C over -55°C to + 125 6 C temperature range. 


**Pin connections shown are for 8-pin packages. 
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Application Hints** 


Protecting Against Gross 
Fault Conditions 



^Protects output— not needed when R4 is used. 


Compensating for Stray Input Capacitances 
or Large Feedback Resistor 

C2 



Isolating Large Capacitive Loads 



Although the LM101A is designed for trouble free operation, 
experience has indicated that it is wise to observe certain 
precautions given below to protect the devices from abnor- 
mal operating conditions. It might be pointed out that the 
advice given here is applicable to practically any 1C op amp, 
although the exact reason why may differ with different de- 
vices. 

When driving either input from a low-impedance source, a 
limiting resistor should be placed in series with the input 
lead to limit the peak instantaneous output current of the 
source to something less than 100 mA. This is especially 
important when the inputs go outside a piece of equipment 
where they could accidentally be connected to high voltage 
sources. Large capacitors on the input (greater than 0.1 juF) 
should be treated as a low source impedance and isolated 
with a resistor. Low impedance sources do not cause a 
problem unless their output voltage exceeds the supply volt- 
age. However, the supplies go to zero when they are turned 
off, so the isolation is usually needed. 

The output circuitry is protected against damage from shorts 
to ground. However, when the amplifier output is connected 
to a test point, it should be isolated by a limiting resistor, as 
test points frequently get shorted to bad places. Further, 
when the amplifer drives a load external to the equipment, it 
is also advisable to use some sort of limiting resistance to 
preclude mishaps. 


Precautions should be taken to insure that the power sup- 
plies for the integrated circuit never become reversed — 
even under transient conditions. With reverse voltages 
greater than 1 V, the 1C will conduct excessive current, fus- 
ing internal aluminum interconnects. If there is a possibility 
of this happening, clamp diodes with a high peak current 
rating should be installed on the supply lines. Reversal of 
the voltage between V+ and V - will always cause a prob- 
lem, although reversals with respect to ground may also 
give difficulties in many circuits. 

The minimum values given for the frequency compensation 
capacitor are stable only for source resistances less than 
10 kfl, stray capacitances on the summing junction less 
than 5 pF and capacitive loads smaller than 100 pF. If any 
of these conditions are not met, it becomes necessary to 
overcompensate the amplifier with a larger compensation 
capacitor. Alternately, lead capacitors can be used in the 
feedback network to negate the effect of stray capacitance 
and large feedback resistors or an RC network can be add- 
ed to isolate capacitive loads. 

Although the LM101A is relatively unaffected by supply by- 
passing, this cannot be ignored altogether. Generally it is 
necessary to bypass the supplies to ground at least once on 
every circuit card, and more bypass points may be required 
if more than five amplifiers are used. When feed-forward 
compensation is employed, however, it is advisable to by- 
pass the supply leads of each amplifier with low inductance 
capacitors because of the higher frequencies involved. 


2 


**Pin connections shown are for 8-pin packages. 


2-291 


LM101A/LM201A/LM301A 




LM101A/LM201A/LM301A 


Typical Applications 4 '* (continued) 


Standard Compensation and 

Offset Balancing Circuit Fast Summing Amplifier 




Fast Voltage Follower Bilateral Current Source 




Fast AC/DC Converter* 


R6 C2 

20K 10 /uF 



"""Pin connections shown are for 8-pin packages. 
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Typical Applications** (Continued) 


Instrumentation Amplifier 



Integrator with Bias Current Compensation 



Voltage Comparator for Driving RTL Logic or 
High Current Driver 



TL/H/7752-37 


Low Frequency Square Wave Generator 



TL/H/7752-36 


**Pin connections shown are for 8-pin packages. 
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Typical Applications** (continued) 


Low Drift Sample and Hold Voltage Comparator for Driving 

Q1 DTL or TTL Integrated Circuits 



**Pin connections shown are for 8-pin packages. 


TL/H/7752-38 




National 
Semiconductor 
Corporation 

LM107/LM207/LM307 Operational Amplifiers 

General Description 

The LM107 series are complete, general purpose operation- 
al amplifiers, with the necessary frequency compensation 
built into the chip. Advanced processing techniques make 
the input currents a factor of ten lower than industry stan- 
dards like the 709. Yet, they are a direct, plug-in replace- 
ment for the 709, LM101A and 741. 

The LM107 series offers the features of the LM101 A, which 
makes its application nearly foolproof. In addition, the de- 
vice provides better accuracy and lower noise in high im- 
pedance circuitry. The low input currents also make it partic- 
ularly well suited for long interval integrators or timers, sam- 
ple and hold circuits and low frequency waveform genera- 


tors. Further, replacing circuits where matched transistor 
pairs buffer the inputs of conventional 1C op amps, it can 
give lower offset voltage and drift at a lower cost. 

The LM1 07 is guaranteed over a -55°C to + 1 25°C temper- 
ature range, the LM207 from -25°C to +85°C and the 
LM307 from 0°C to +70°C. 

Features 

m Offset voltage 3 mV maximum over temperature 
■ Input current 100 nA maximum over temperature 
m Offset current 20 nA maximum over temperature 
(a Guaranteed drift characteristics 



Connection Diagrams 


Metal Can Package 


Dual-in-Line Package 



Order Number LM107H, LM207H or LM307H 
See NS Package Number H08C 



Note: Pin 4 connected to bottom of package. 

Top View 


Order Number LM107J, LM207J or LM307J 
See NS Package Number J08A 
Order Number LM307M 
See NS Package Number M08A 
Order Number LM307N 
See NS Package Number N08A 
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LM107/LM207/LM307 


Absolute Maximum Ratings 


If Military/ Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for 


availability and specifications. 

(Note 4) 

LM107/LM207 

LM307 




Supply Voltage 

+ 22V 

± 18V 


t M!N 

t MAX 

Power Dissipation (Note 1 ) 

500 mW 

500 mW 


Differential Input Voltage 

±30V 

±30V 

LM107 

-55°C 

+ 1 25°C 

Input Voltage (Note 2) 

± 15V 

±15V 

LM207 

— 25°C 

+ 85°C 

Output Short Circuit Duration 

Indefinite 

Indefinite 

LM307 

0°C 

+ 70°C 

Operating Temperature Range 0a) 



ESD rating to be determined. 

(LM107) 

— 55°C to + 125°C 

0°C to +70°C 




(LM207) 

— 25°C to +85°C 





Storage Temperature Range 

— 65°C to + 150°C 

— 65°C to + 1 50°C 




Lead Temperature (Soldering, 10 sec) 

260°C 

260°C 





Electrical Characteristics (Note 3) 


Parameter 

Conditions 

LM107/LM207 

LM307 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Input Offset Voltage 

T a = 25°C, R s <; 50 ka 


0.7 

2.0 


2.0 

7.5 

mV 

Input Offset Current 

T a = 25° C 


1.5 

10 


3.0 

50 

nA 

Input Bias Current 

T a = 25°C 



75 


70 

250 

nA 

Input Resistance 

T a = 25°C 

1.5 

4.0 


0.5 

2.0 


Ma 

Supply Current 

T a = 25°C 

V s = ±20V 


1.8 

3.0 




mA 


V s = ± 15V 





1.8 

3.0 

mA 

Large Signal Voltage 
Gain 

T a = 25°C, V S = ± 15V 
V 0 UT= ±iov, R L ^ 2 ka 

50 

160 


25 

160 


V/mV 

Input Offset Voltage 

R S ^ 50 ka 



3.0 



10 

mV 

Average Temperature 
Coefficient of Input 
Offset Voltage 



i 

3.0 

15 


6.0 

30 

(aV/°C 

Input Offset Current 




20 



70 

nA 

Average Temperature 

25°C ^ T A ^ T MA x 


0.01 

0.1 


0.01 

0.3 

nA/°C 

Coefficient of Input 
Offset Current 

Tmin ^ T a ^ 25° C 


0.02 

0.2 


0.02 

0.6 

nA/°C 

Input Bias Current 




100 



300 

nA 

Supply Current 

T a = + 125°C, V s = ±20V 


1.2 

2.5 




mA 
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Electrical Characteristics (Note 3) (continued) 


Parameter 

Conditions 

LM107/LM207 

LM307 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Large Signal Voltage 

V s = ± 15V, Vqut = ± 10V 




15 




Gain 

R l ^ 2 kCt 

25 






V/mV 

Output Voltage Swing 

V s = ± 15V 

r l = io m 

±12 

±14 


±12 

±14 


V 


R l = 2 kCt 

±10 

±13 


±10 

±13 


V 

Input Voltage Range 

V s = ± 20V 

±15 






V 


V s = ± 15V 


±15 


±12 

±15 


V 




-13 



-13 



Common Mode 
Rejection Ratio 

R s ^ 50 kft 

80 

96 


70 

90 


dB 

Supply Voltage 
Rejection Ratio 

Rg ^ 50 kH 

80 

96 


70 

96 


dB 


Note 1: The maximum junction temperature of the LM107 is 150°C, and the LM207/LM307 is 100°C. For operating at elevated temperatures, devices in the TO-5 
package must be derated based on a thermal resistance of 225'C/W, junction to ambient, or 30°C/W, junction to case. The thermal resistance of the dual-in-line 
package is 100°C/W, junction to ambient. 

Note 2: For supply voltages less than ± 1 5V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: These specifications apply for ±5V ^ Vs ^ +20V and -55°C ^ Ta ^ + 125°C for the LM107 or -25°C ^ Ta +85°C for the LM207, and 0°C ^ Ta £ 
+ 70°C and ±5V ^ Vs ^ ±15V for the LM307 unless otherwise specified. 

Note 4: Refer to RETS107X for LM107H and LM107J military specifications. 

Schematic Diagram 


v+ 



*Pin connections shown are for metal can. v TL/H/7757-1 
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LM 1 07/LM207/LM307 


Guaranteed Performance Characteristics LM 107 /LM 207 


Input Voltage Range 



SUPPLY VOLTAGE (±V) 




SUPPLY VOLTAGE (±V> 


TL/H/7757-4 


Guaranteed Performance Characteristics LM 307 


Input Voltage Range 



5 10 IS 

SUPPLY VOLTAGE ( + V) 


Output Swing 



5 10 15 

SUPPLY VOLTAGE (±V) 


Typical Performance Characteristics 



5 10 15 20 



5 10 15 20 


SUPPLY VOLTAGE (±V) 


SUPPLY VOLTAGE (±V) 


Voltage Gain 



5 10 15 

SUPPLY VOLTAGE (iV) 


TL/H/7757-5 



Current Limiting 



0 5 10 15 20 25 30 

OUTPUT CURRENT (tinA) 




TL/H/7757-6 
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Typical Performance Characteristics (Continued) 

Open Loop Large Signal 

Frequency Response 


Voltage Follower 



1 10 100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 




10K 100K 

FREQUENCY (Hz) 


0 10 20 30 40 50 60 70 80 
TIME Us) 

TL/H/7757-7 


Typical Applications 4 


Inverting Amplifier 

R2 


Non-Inverting AC Amplifier 



R1 

1M 


R2 

10M 


V OUT = ~j^ V IN 

Rin - R1 



H— 



2 

V ; 

R3 


LM107 

91 OK 



r~3r1 

VquT = 


TL/H/7757-8 

Non-Inverting Amplifier 

R1 R2 


ImF 


-Vin 


TL/H/7757-9 



*Pin connections shown are for metal can. 
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LM107/LM207/LM307 


Typical Applications** (continued) 

Turntable Notch Filter 



Differential Input Instrumentation Amplifier 



TL/H/7757-12 

**Pin connections shown are for metal can. 
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National 
Semiconductor 
Corporation 

LM108/LM208/LM308 Operational Amplifiers 

General Description 

The LM108 series are precision operational amplifiers hav- 
ing specifications a factor of ten better than FET amplifiers 
over a - 55°C to + 1 25°C temperature range. 

The devices operate with supply voltages from ±2V to 
±20V and have sufficient supply rejection to use unregulat- 
ed supplies. Although the circuit is interchangeable with and 
uses the same compensation as the LM101A, an alternate 
compensation scheme can be used to make it particularly 
insensitive to power supply noise and to make supply by- 
pass capacitors unnecessary. 

The low current error of the LM108 series makes possible 
many designs that are not practical with conventional ampli- 
fiers. In fact, it operates from 10 Mfl source resistances, 


introducing less error than devices like the 709 with 10 kfl 
sources. Integrators with drifts less than 500 juV/sec and 
analog time delays in excess of one hour can be made us- 
ing capacitors no larger than 1 jx F. 

The LM108 is guaranteed from -55°C to +125°C, the 
LM208 from -25°C to +85°C, and the LM308 from 0°C to 
+ 70°C. 

Features 

■ Maximum input bias current of 3.0 nA over temperature 
n Offset current less than 400 pA over temperature 
b Supply current of only 300 juA, even in saturation 
0 Guaranteed drift characteristics 



Compensation Circuits 


Standard Compensation Circuit 

R1 R2 



Alternate " Frequency Compensation 


R1 R2 



TL/H/7758-2 

’Improves rejection of power supply noise by a factor of ten. 

** Bandwidth and slew rate are proportional to 1/C S 


Feedforward Compensation 


C2 
5 pF 



TL/H/7758-3 
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LM108/LM208/LM308 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for 
availability and specifications. 

(Note 5) 

LM108/LM208 LM308 

Supply Voltage ± 20 V ± 1 8V 

Power Dissipation (Note 1 ) 500 mW 500 mW 

Differential Input Current (Note 2) ± 1 0 mA ± 1 0 mA 

Input Voltage (Note 3) ±15V ±15V 

Output Short-Circuit Duration Indefinite Indefinite 

Operating Temperature Range (LM1 08) - 55°C to + 1 25°C 0°C to + 70°C 

(LM208) — 25°C to + 85°C 

Storage T emperature Range - 65°C to + 1 50°C - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10 sec) 260°C 260°C 

DIP 300°C 300°C 

H Package Lead Temp 
(Soldering 1 0 seconds) 

Soldering Information 

Dual-In-Line Package 

Soldering (1 0 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 21 5°C 

Infrared (1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect on Product 

Reliability” for other methods of soldering surface mount devices. 

ESD rating to be determined. 

Electrical Characteristics (Note 4) 








Parameter 

Condition 

LM108/LM208 

LM308 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

T a = 25°C 


0.7 

2.0 


2.0 

7.5 

mV 

Input Offset Current 

T a = 25°C 


0.05 

0.2 


0.2 

1 

nA 

Input Bias Current 

T a = 25°C 


0.8 

2.0 


1.5 

7 

nA 

Input Resistance 

T a = 25°C 

30 

70 


10 

40 


Ma 

Supply Current 

T a - 25°C 


0.3 

0.6 


0.3 

0.8 

mA 

Large Signal Voltage 
Gain 

T a = 25°C,V S = ± 15V 

Vout = +10V, r l ;> io ka 

50 

300 


25 

300 


V/mV 

Input Offset Voltage 




3.0 



10 

mV 

Average Temperature 
Coefficient of Input 
Offset Voltage 



3.0 

15 


6.0 

30 

JLlV/°C 

Input Offset Current 




0.4 



1.5 

nA 

Average Temperature 
Coefficient of Input 
Offset Current 



0.5 

2.5 


2.0 

10 

pA/°C 

Input Bias Current 




3.0 



10 

nA 

Supply Current 

T a = + 1 25°C 


0.15 

0.4 




mA 

Large Signal Voltage 
Gain 

V S = ±15V, Vout = ±10V 

R l ^ 10 kQ 

25 



15 



V/mV 

Output Voltage Swing 

V s = ± 1 5V, r l = 10 kn 

±13 

±14 


±13 

±14 


V 
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Electrical Characteristics (Note 4) (continued) 


Parameter 

Condition 

LM108/LM208 

LM308 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Voltage Range 

V s = ±15V 

±13.5 



±14 



V 

Common Mode 
Rejection Ratio 


85 

100 


80 

100 


dB 

Supply Voltage 
Rejection Ratio 


80 

96 


80 

96 


dB 


Note 1: The maximum junction temperature of the LM1 08 is 1 50°C, for the LM208, 100°C and for the LM308, 85°C. For operating at elevated temperatures, devices 
in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. The thermal resistance of the 
dual-in-line package is 100°C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in excess of 
IV is applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5V ^ Vs ^ +20V and -55°C £ Ta ^ +125°C, unless otherwise specified. With the LM208, however, all temperature 
specifications are limited to -25°C ^ Ta ^ 85°C, and for the LM308 they are limited to 0°C ^ Ta ^ 70°C. 

Note 5: Refer to RETS108X for LM108 military specifications. 

Schematic Diagram 


COMPENSATION COMPENSATION 



TL/H/7758-8 
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LM 1 08/LM208/LM308 


Typical Performance Characteristics lmios/lm 2 os 




Voltage Gain 



S 10 15 20 

SUPPLY VOLTAGE (±V) 



Open Loop 
Frequency Response 


Large Signal 
Frequency Response 




1 10 100 IK 10K 100K 1M 10M 


IK 10K 100K 1M 


Voltage Follower 
Pulse Response 



0 20 40 60 BO 100 120140 160 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


TIME M 


TL/H/7758-6 



Typical Performance Characteristics lm3os 



Input Noise Voltage 



10 100 IK 10K 100K 

FREQUENCY <Hz) 



100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 


Closed Loop 
Output Impedance 



Voltage Gain 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Output Swing 



0 2 4 6 B 

OUTPUT CURRENT (tmA) 


Supply Current 



5 10 15 20 


SUPPLY VOLTAGE (iV) 


Open Loop 
Frequency Response 



1 10 100 IK 10K 100K 1M 1QM 


FREQUENCY (Hz) 


Large Signal 
Frequency Response 



IK 10K 100K 1M 

FREQUENCY (Hz) 


Voltage Follower 



0 20 40 60 80 100 120 140160 
TIME M 


TL/H/7758-7 
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Typical Applications (Continued) 


Fastt Summing Amplifier 


C5t 



Connection Diagrams 

Metal Can Package 
COMP 2 



Order Number LM108H, LM208H or LM308H 
See NS Package Number H08C 

’Package is connected to Pin 4 (V~) 

’’Unused pin (no internal connection) to allow for input anti-leakage guard 
ring on printed circuit board layout. 


Dual-ln-Line Package 


COMP ■ 


INPUT + 


1 


8 



COMP 2 

2 


6 

flllTDlIT 

3 


4 


UU 1 r U 1 

5 



NC 


TL/H/7758-15 


Top View 


Order Number LM108J-8, LM208J-8, LM308J-8, 
LM308M or LM308N 

See NS Package Number J08A, M08A or N08E 
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National 
Semiconductor 
Corporation 

LM 1 08A/LM208 A/LM308A Operational Amplifiers 

General Description 

The LM108/LM108A series are precision operational ampli- 
fiers having specifications about a factor of ten better than 
FET amplifiers over their operating temperature range. In 
addition to low input currents, these devices have extremely 
low offset voltage, making it possible to eliminate offset ad- 
justments, in most cases, and obtain performance ap- 
proaching chopper stabilized amplifiers. 

The devices operate with supply voltages from ±2V to 
± 18V and have sufficient supply rejection to use unregulat- 
ed supplies. Although the circuit is interchangeable with and 
uses the same compensation as the LM101A, an alternate 
compensation scheme can be used to make it particularly 
insensitive to power supply noise and to make supply by- 
pass capacitors unnecessary. 

The low current error of the LM108A series makes possible 
many designs that are not practical with conventional ampli- 
fiers. In fact, it operates from 10 MH source resistances, 


introducing less error than devices like the 709 with 10 kfl 
sources. Integrators with drifts less than 500 jaV/sec and 
analog time delays in excess of one hour can be made us- 
ing capacitors no larger than 1 juF. 

The LM208A is identical to the LM108A, except that the 
LM208A has its performance guaranteed over a -25°C to 
+ 85°C temperature range, instead of -55°C to +125°C. 
The LM308A devices have slightly-relaxed specifications 
and performances over a 0°C to + 70°C temperature range. 

Features 

H Offset voltage guaranteed less than 0.5 mV 
a Maximum input bias current of 3.0 nA over temperature 
b Offset current less than 400 pA over temperature 
B Supply current of only 300 ju,A, even in saturation 
a Guaranteed 5 juV/°C drift 



Compensation Circuits 

Standard Compensation Circuit 

R1 R2 



* * Bandwidth and slew rate are proportional to 1 /Cf . 


Alternate 9 " Frequency Compensation 

R1 R2 



TL/H/7759-2 

‘Bandwidth and slew rate are proportional to 1/C S . 


Feedforward Compensation 


C2 
5 pF 



TL/H/7759-3 
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LM108A/LM208A Absolute Maximum 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 5) 

Supply Voltage ±20V 

Power Dissipation (Note 1 ) 500 mW 

Differential Input Current (Note 2) ± 1 0 mA 

Input Voltage (Note 3) ±15V 

Output Short-Circuit Duration Indefinite 

Operating Free Air Temperature Range 
LM108A — 55°C to +125°C 

LM208A — 25°C to + 85°C 

Electrical Characteristics (Note 4) 


Ratings 

Storage T emperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10 sec.) (DIP) 260°C 

Soldering Information 
Dual-In-Line Package 

Soldering (1 0 sec.) 260°C 

Small Outline Package 

Vapor Phase (60 sec.) 21 5°C 

Infrared (15 sec.) 220°C 

See An-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD rating to be determined. 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage 

T a = 25°C 


0.3 

0.5 

mV 

Input Offset Current 

T a = 25°C 


0.05 

0.2 

nA 

Input Bias Current 

T a = 25°C 


0.8 

2.0 

nA 

Input Resistance 

T a = 25°C 

30 

70 


M ft 

Supply Current 

T a = 25°C 


0.3 

0.6 

mA 

Large Signal Voltage Gain 

T a = 25°C, V s = ±15V, 

Vqut = — 10V, Rj_ ^ 10 kfl 

80 

300 


V/mV 

Input Offset Voltage 




1.0 

mV 

Average Temperature Coefficient 
of Input Offset Voltage 



1.0 

5.0 

juV/°C 

Input Offset Current 




0.4 

nA 

Average Temperature Coefficient 
of Input Offset Current 



0.5 

2.5 

pA/°C 

input Bias Current 




3.0 

nA 

Supply Current 

T a = 125°C 


0.15 

0.4 

mA 

Large Signal Voltage Gain 

v s = ± 1 5V, v 0 ut = ±10V, 
r l :> io kn 

40 



V/mV 

Output Voltage Swing 

V s — ± 1 5V, R l = 10 kn 

±13 

±14 


V 

Input Voltage Range 

V s = ± 1 5V 

±13.5 



V 

Common Mode Rejection Ratio 


96 

110 


dB 

Supply Voltage Rejection Ratio 


96 

110 


dB 


Note 1: The maximum junction temperature of the LM108A is 150°C, while that of the LM208A is 100°C. For operating at elevated temperatures, devices in the 
TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. The thermal resistance of the dual-in- 
line package is 1 00°C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in excess of 
IV is applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ± 1 5V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5V £ Vs ^ ±20V and -55°C £ T/\ ^ 125°C, unless otherwise specified. With the LM208A, however, all temperature 
specifications are limited to -25°C £ Ta ^ 85°C. 

Note 5: Refer to RETS108AX for LM108AH and LM108AJ-8 military specifications. 
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LM308A Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage ± 1 8V 

Power Dissipation (Note 1 ) 500 mW 

Differential Input Current (Note 2) ±10 mA 

Input Voltage (Note 3) ± 1 5V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range -65°C to + 1 50°C 

H-Package Lead Temperature 
(Soldering, 10 sec.) 300°C 


Lead Temperature (Soldering, 10 sec.) (DIP) 

260°C 

Soldering Information 


Dual-ln-Line Package 


Soldering (10 sec.) 

260°C 

Small Outline Package 


Vapor phase (60 sec.) 

215°C 

Infrared (15 sec.) 

220°C 


See An-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD rating to be determined. 


Electrical Characteristics (Note 4) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage 

T a = 25°C 


0.3 

0.5 

mV 

Input Offset Current 

T a = 25°C 


0.2 

1 

nA 

Input Bias Current 

T a = 25°C 


1.5 

7 

nA 

Input Resistance 

T a = 25°C 

10 

40 


Mn 

Supply Current 

T a = 25°C, V s = ± 15V 


0.3 

0.8 

mA 

Large Signal Voltage Gain 

T a = 25°C, V s = +15V, 

V 0 UT= ±iov, R l ^ 10 kn 

80 

300 


V/mV 

Input Offset Voltage 

V s = ± 1 5V, R s = ioon 



0.73 

mV 

Average Temperature Coefficient 
of Input Offset Voltage 

V s = ±15V,R S = ioon 


2.0 

5.0 

JLiV/°C 

Input Offset Current 




1.5 

nA 

Average Temperature Coefficient 
of Input Offset Current 



2.0 

10 

pA/°C 

Input Bias Current 




10 

nA 

Large Signal Voltage Gain 

V S = ± 15V, Vqut = ± 10V, 

Rj_ ^ 10 kfl 

60 



V/mV 

Output Voltage Swing 

V s = ±15V, R L = 10 kn 

±13 

±14 


V 

Input Voltage Range 

V s = ± 15V 

±14 



V 

Common Mode Rejection Ratio 


96 

110 


dB 

Supply Voltage Rejection Ratio 


96 

110 


dB 


Note 1: The maximum junction temperature of the LM308A is 85°C. For operating at elevated temperatures, devices in the TO-5 package must be derated based 
on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. The thermal resistance of the dual-in-line package is 100°C/W, junction to 
ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in excess of 
IV is applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5V £ Vs ^ ±15V and 0°C ^ T A £ +70°C, unless otherwise specified. 
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Application Hints 

A very low drift amplifier poses some uncommon application 
and testing problems. Many sources of error can cause the 
apparent circuit drift to be much higher than would be pre- 
dicted. 

Thermocouple effects caused by temperature gradient 
across dissimilar metals are perhaps the worst offenders. 
Only a few degrees gradient can cause hundreds of micro- 
volts of error. The two places this shows up, generally, are 
the package-to-printed circuit board interface and tempera- 
ture gradients across resistors. Keeping package leads 
short and the two input leads close together helps greatly. 
Resistor choice as well as physical placement is important 
for minimizing thermocouple effects. Carbon, oxide film and 
some metal film resistors can cause large thermocouple er- 
rors. Wirewound resistors of evanohm or manganin are best 
since they only generate about 2 julV/°C referenced to cop- 
per. Of course, keeping the resistor ends at the same tem- 
perature is important. Generally, shielding a low drift stage 
electrically and thermally will yield good results. 


Resistors can cause other errors besides gradient generat- 
ed voltages. If the gain setting resistors do not track with 
temperature a gain error will result. For example, a gain of 
1 000 amplifier with a constant 1 0 mV input will have a 1 0V 
output. If the resistors mistrack by 0.5% over the operating 
temperature range, the error at the output is 50 mV. Re- 
ferred to input, this is a 50 jtxV error. All of the gain fixing 
resistor should be the same material. 

Testing low drift amplifiers is also difficult. Standard drift 
testing technique such as heating the device in an oven and 
having the leads available through a connector, thermo- 
probe, or the soldering iron method — do not work. Thermal 
gradients cause much greater errors than the amplifier drift. 
Coupling microvolt signal through connectors is especially 
bad since the temperature difference across the connector 
can be 50°C or more. The device under test along with the 
gain setting resistor should be isothermal. 


Schematic Diagram 


COMPENSATION COMPENSATION 
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Connection Diagrams 


Metal Can Package 

COMP 2 



TL/H/7759-7 


Pin 4 is connected to the case. 


** Unused pin (no internal connection) to allow for input anti-leakage guard 
ring on printed circuit board layout. 


Order Number LM108AH, LM208AH or LM208AH 
See NS Package Number H08C 


Dual-In-Line Package 



TL/H/7759-8 

Top View 

Order Number LM108AJ-8, LM208AJ-8, LM308AJ-8, 
LM308AM or LM308AN 

See NS Package Number J08A, M08A or N08E 
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National 

Semiconductor 

Corporation 


LM112/LM212/LM312 Operational Amplifiers 


General Description 

The LM112 series are micropower operational amplifiers 
with very low offset-voltage and input-current errors— at 
least a factor of ten better than FET amplifiers over a 
— 55°C to + 125°C temperature range. Similar to the LM108 
series, that also use supergain transistors, they differ in that 
they include internal frequency compensation and have pro- 
visions for offset adjustment with a single potentiometer. 
These amplifiers will operate on supply voltages of ± 2V to 
±20V, drawing a quiescent current of only 300 jaA. Per- 
formance is not appreciably affected over this range of volt- 
ages, so operation from unregulated power sources is easily 
accomplished. They can also be run from a single supply 
like the 5V used for digital circuits. 

The LM1 12 series are the first 1C amplifiers to improve reli- 
ability by including overvoltage protection for the MOS com- 
pensation capacitor. Without this feature, IC’s have been 


known to suffer catastrophic failure caused by short-dura- 
tion overvoltage spikes on the supplies. Unlike other inter- 
nally-compensated 1C amplifiers, it is possible to overcom- 
pensate with an external capacitor to increase stability mar- 
gin. 

The LM212 is identical to the LM112, except that the LM212 
has its performance guaranteed over a -25°C to +85°C 
temperature range instead of -55°C to -F125°C. The 
LM312 is guaranteed over a 0°C to +70°C temperature 
range. 

Features 

■ Maximum input bias current of 3 nA over temperature 

■ Offset current less than 400 pA over temperature 

■ Low noise 

■ Guaranteed drift specifications 


Connection Diagram 


Metal Can Package 

BALANCE 



Top View 


TL/H/7751-4 


Order Number LM112H, LM212H, or LM312H 
See NS Package Number H08C 


Auxiliary Circuits 

Offset Balancing 

R1 

100K 



Overcompensation for Greater Stability Margin 



TL/H/7751-3 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, contact the National 
Semiconductor Sales Office/Distributors for availability and specifications. 


(Note 5) 

Supply Voltage 

Power Dissipation (Note 1 ) 

Differential Input Current (Note 2) 

Input Voltage (Note 3) 

Output Short-Circuit Duration 
Operating Temperature Range 
LM112 
LM212 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 
ESD rating to be determined. 


LM112/LM212 LM312 

±20V ± 18V 

500 mW 500 mW 

±10 mA ±10 mA 

± 15V ± 1 5V 

Indefinite Indefinite 

— 55°C to + 1 25°C 0°C to + 70°C 

— 25°C to +85°C 

— 65°C to +150°C — 65°C to + 150°C 

300°C 300°C 


Electrical Characteristics (Note 4) 


Parameter 

Conditions 

LM112/LM212 

LM312 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

T a = 25°C 


0.7 

2.0 


2.0 

7.5 

mV 

Input Offset Current 

T a = 25°C 


0.05 

0.2 


0.2 

1 

nA 

Input Bias Current 

T a = 25°C 


0.8 

2.0 


1.5 

7 

nA 

Input Resistance 

T a = 25°C 

30 

70 


10 

40 


Mfl 

Supply Current 

T a = 25°C 


0.3 

0.6 


0.3 

0.8 

mA 

Large Signal Voltage Gain 

T a = 25°C, V s = ±15V 
VoUT= ±10V,R L ^ 10 kft 

50 

300 


25 

300 


V/mV 

Input Offset Voltage 




3.0 



10 

mV 

Average Temperature 

Coefficient of Input 

Offset Voltage 



3.0 

15 


6.0 

30 

ju,V/°C 

Input Offset Current 




0.4 



1.5 

nA 

Average Temperature 

Coefficient of Input 

Offset Current 



0.5 

2.5 


2.0 

10 

pA/°C 

Input Bias Current 




3.0 



10 

nA 

Supply Current 

T a = 125°C 


0.15 

0.4 




mA 

Large Signal Voltage Gain 

V s = ±15V,V 0 UT= ±10V 
r l ^ io ka 

25 



15 



V/mV 

Output Voltage Swing 

V s = ± 15V, R l = 10 kft 

±13 

±14 


±13 

±14 


V 

Input Voltage Range 

V s = ± 15V 

±13.5 



±14 



V 

Common-Mode Rejection Ratio 


85 

100 


80 

100 


dB 

Supply Voltage Rejection Ratio 

I 

80 

96 

i 


80 

96 


dB 


Note 1: The maximum junction temperature of the LM112 is 150°C, LM212 is 100°C and LM312 is 85°C. For operating at elevated temperatures, devices in the 
TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. 

Note 2: The inputs are shunted with shunt diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in excess of IV is 
applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5V ^ V s £ ±20V and -55°C £ T A £ + 125°C (LM112), -25°C £ T A £ + 85°C (LM212), ±5V £ V s ^ ±15V and 
0° C ^ T a ^ +70°C (LM312) unless otherwise noted. 

Note 5: Refer to RETS112X for LM112H military specifications. 
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Typical Performance Characteristics LM 312 
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LM112/LM212/LM312 




National 

Semiconductor 

Corporation 



LM118/LM218/LM318 
Operational Amplifiers 

General Description 

The LM118 series are precision high speed operational am- 
plifiers designed for applications requiring wide bandwidth 
and high slew rate. They feature a factor of ten increase in 
speed over general purpose devices without sacrificing DC 
performance. 

The LM118 series has internal unity gain frequency com- 
pensation. This considerably simplifies its application since 
no external components are necessary for operation. How- 
ever, unlike most internally compensated amplifiers, exter- 
nal frequency compensation may be added for optimum 
performance. For inverting applications, feedforward com- 
pensation will boost the slew rate to over 150V/jas and al- 
most double the bandwidth. Overcompensation can be 
used with the amplifier for greater stability when maximum 
bandwidth is not needed. Further, a single capacitor can be 
added to reduce the 0.1 % settling time to under 1 /as. 

The high speed and fast settling time of these op amps 
make them useful in A/D converters, oscillators, active fil- 


ters, sample and hold circuits, or general purpose amplifiers. 
These devices are easy to apply and offer an order of mag- 
nitude better AC performance than industry standards such 
as the LM709. 

The LM21 8 is identical to the LM1 1 8 except that the LM21 8 
has its performance specified over a — 25°C to +85°C tem- 
perature range. The LM318 is specified from 0°C to +70°C. 

Features 

■ 15 MHz small signal bandwidth 
b Guaranteed 50V/jus slew rate 
b Maximum bias current of 250 nA 
b Operates from supplies of ± 5V to ± 20V 
b Internal frequency compensation 
B Input and output overload protected 
a Pin compatible with general purpose op amps 


Connection Diagrams 


Metal Can Package* 
COMPENSATION-2 



TL/H/7766-2 

Top View 

*Pin connections shown on schematic diagram 
and typical applications are for TO-5 package. 

Order Number LM118H, LM218H or LM318H 
See NS Package Number H08C 


Dual-In-Line Package 



TL/H/7766-3 

Top View 

Order Number LM118J-8, LM318J-8, 

LM318M or LM318N 

See NS Package Number J08A, M08A or N08B 
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LM118/LM218/LM318 


Absolute Maximum Ratings 

If Military /Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 6) 

Supply Voltage ± 20V 

Power Dissipation (Note 1 ) 500 mW 

Differential Input Current (Note 2) ± 1 0 mA 

Input Voltage (Note 3) ± 1 5V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range 

LM118 — 55°C to + 125°C 

LM218 — 25°C to +85°C 

LM318 0°C to + 70°C 

Storage Temperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10 sec.) 

Hermetic Package 300°C 

Plastic Package 260°C 

Soldering Information 

Dual-In-Line Package 

Soldering (1 0 sec.) 260°C 

Small Outline Package 

Vapor Phase (60 sec.) 21 5°C 

Infrared (1 5 sec.) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD rating to be determined. 

Electrical Characteristics (Note 4) 









Parameter 

Conditions 

LM118/LM218 

LM318 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

T a = 25°C 


2 

4 


4 

10 

mV 

input Offset Current 

T a = 25°C 


6 

50 


30 

200 

nA 

Input Bias Current 

T a = 25° C 


120 

250 


150 

500 

nA 

Input Resistance 

T a = 25°C 

1 

3 


0.5 

3 


MH 

Supply Current 

T a = 25°C 


5 

8 


5 

10 

mA 

Large Signal Voltage Gain 

T a = 25°C, V s = ±15V 

VoUT= +10V, R L ^ 2 k ft 

50 

200 


25 

200 


V/mV 

Slew Rate 

T a = 25°C, V s = ± 1 5V, A v = 
(Note 5) 

1 

50 

70 


50 

70 


V/jLtS 

Small Signal Bandwidth 

T a = 25°C, V s = ±15V 


15 



15 


MHz 

Input Offset Voltage 




6 



15 

mV 

Input Offset Current 




100 



300 

nA 

Input Bias Current 




500 



750 

nA 

Supply Current 

T a = 125°C 


4.5 

7 




mA 

Large Signal Voltage Gain 

V s = ± 15V, Vqut = ±10V 

R L ^ 2 kfl 

25 




■ 


V/mV 

Output Voltage Swing 

V s = ± 15V, R L = 2kH 

±12 

±13 


±12 

B9 


V 

Input Voltage Range 

V s = ± 15V 

±11.5 



±11.5 



V 

Common-Mode Rejection Ratio 


80 

100 


70 

100 


dB 

Supply Voltage Rejection Ratio 


70 

80 


65 

80 


dB 

Note 1: The maximum junction temperature of the LM118 is 150°C, the LM218 is 1 10°C, and the LM318 is 1 10°C. For operating at elevated temperatures, devices 
in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. The thermal resistance of the 
dual-in-line package is 100°C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in excess of 

IV is applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5V ^ V s ^ + 20V and -55°C £ T A <; +125°C (LM118), -25°C <,1 A < + 85°C (LM218), and 0°C <; T A £ + 70°C 
(LM318). Also, power supplies must be bypassed with 0.1 juF disc capacitors. 

Note 5: Slew rate is tested with Vg = ± 1 5V. The LM1 18 is in a unity-gain non-inverting configuration. V|n is stepped from - 7.5V to + 7.5 V and vice versa. The 
slew rates between -5.0V and +5.0V and vice versa are tested and guaranteed to exceed 50V/jxs. 

Note 6: Refer to RETS118X for LM118H and LM118J-8 military specifications. 
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Typical Performance Characteristics lmus, lm 2 is 


Input Current 
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LM118/LM218/LM318 


Typical Performance Characteristics lmii8,lm2i 8 (continued) 


Large Signal Frequency 
Response 


Open Loop Frequency 
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Typical Performance Characteristics lm 3 is 


Input Current 
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Typical Performance Characteristics lm3i 8 (Continued) 


Closed Loop Output Impedance Current Limiting 



Input Current 
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LM1 18/LM218/LM318 


Auxiliary Circuits 


Feedforward Compensation 
for Greater Inverting Slew Ratet 

5K 



Compensation for Minimum Settlingt Time 


5 pF 



Offset Balancing 


isolating Large Capacitive Loads 


v + ' Rf 




Overcompensation 



Typical Applications 

Fast Voltage Follower* 


SpF 



Integrator or Slow Inverter 



TL/H/7766-14 

*Do not hard-wire as integrator or slow inverter; insert a 
1 0k-5 pF network in series with the input, to prevent oscillation. 
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Typical Applications (Continued) 

Fast Summing Amplifier 
5 pF 



Differential Amplifier 

10K 



Fast Sample and Hold 

tOpF 



D/A Converter Using Ladder Network 


5 pF 
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Typical Applications (Continued) 
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Corporation 


LM124/LM224/LM324, LM 1 24 A/LM224A/LM324A, 
LM2902 Low Power Quad Operational Amplifiers 


General Description 

The LM124 series consists of four independent, high gain, 
internally frequency compensated operational amplifiers 
which were designed specifically to operate from a single 
power supply over a wide range of voltages. Operation from 
split power supplies is also possible and the low power sup- 
ply current drain is independent of the magnitude of the 
power supply voltage. 

Application areas include transducer amplifiers, DC gain 
blocks and all the conventional op amp circuits which now 
can be more easily implemented in single power supply sys- 
tems. For example, the LM124 series can be directly operat- 
ed off of the standard + 5 Vpc power supply voltage which 
is used in digital systems and will easily provide the required 
interface electronics without requiring the additional 
± 1 5 Vdq power supplies. 

Unique Characteristics 

o In the linear mode the input common-mode voltage 
range includes ground and the output voltage can also 
swing to ground, even though operated from only a sin- 
gle power supply voltage. 
m The unity gain cross frequency is temperature 
compensated. 

m The input bias current is also temperature 
compensated. 


Advantages 

□ Eliminates need for dual supplies 

a Four internally compensated op amps in a single 
package 

0 Allows directly sensing near GND and Vqut also goes 
to GND 

a Compatible with all forms of logic 
m Power drain suitable for battery operation 

Features 

E3 Internally frequency compensated for unity gain 

□ Large DC voltage gain 100 dB 

ii Wide bandwidth (unity gain) 1 MHz 

(temperature compensated) 
m Wide power supply range: 

Single supply 3 Vdc to 32 Vdc 

or dual supplies ± 1 .5 Vdc to ± 1 6 Vdc 

ej Very low supply current drain (800 jllA) — essentially in- 
dependent of supply voltage (1 mW/op amp at 
+ 5 V DC ) 

□ Low input biasing current 45 nApc 

(temperature compensated) 

□ Low input offset voltage 2 mVoc 

and offset current 5 nApc 

□ Input common-mode voltage range includes ground 

m Differential input voltage range equal to the power sup- 
ply voltage 

0 Large output voltage swing 0 Vdc to V+ - 1.5 Vdc 


Connection Diagram 


Schematic Diagram (Each Amplifier) 


Dual-ln-Line Package 



TL/H/9299-1 

Top View 


v + 



Order Number LM124J, LM124AJ, LM224J, 
LM224AJ, LM324J, LM324AJ, LM324M, LM324AM, 
LM2902M, LM324N, LM324AN or LM2902N 
See NS Package Number J14A, M14A or N14A 
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LM 1 24/LM224/LM324/LM 1 24A/LM224A/LM324A/LM2902 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for availability and specifications. 
(Note 9) 

LM124/LM224/LM324 . M0Qn0 LM124/LM224/LM324 

LM124A/LM224A/LM324A LM124A/LM224A/LM324A 

Supply Voltage, V + 32 Vdc or ± 1 6 Vdc 26 Vdc or ± 1 3 Vdc Storage T emperature Range - 65°C to + 1 50°C - 

Differential Input Voltage 32 Vdc 26 V DC Lead Temperature (Soldering, 1 0 seconds) 260°C 

Input Voltage -0.3 Vdc to +32 Vdc -0.3 Vdc to +26 Vdc Soldering Information 


Supply Voltage, V^ 

Differential Input Voltage 
Input Voltage 

Power Dissipation (Note 1 ) 
Molded DIP 
Cavity DIP 

Small Outline Package 
Output Short-Circuit to GND 
(One Amplifier) (Note 2) 

V + <; 15 V D c and T a = 25°C 
Input Current 

(V| N < -0.3 V DC ) (Note 3) 
Operating Temperature Range 
LM324/LM324A 
LM224/LM224A 
LM124/LM124A 


1130 mW 
1260 mW 
800 mW 


Continuous 
50 mA 

0°C to + 70°C 

— 25°C to +85°C 

— 55°C to + 1 25°C 


1130 mW 
1260 mW 
800 mW 


Continuous 
50 mA 

— 40°C to +85°C 


LM124/LM224/LM324 . MOQno 

LM124A/LM224A/LM324A 

Storage T emperature Range - 65°C to + 1 50°C - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10 seconds) 260°C 260°C 

Soldering Information 
Dual-ln-Line Package 

Soldering (10 seconds) 260°C 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 21 5°C 21 5°C 

Infrared (15 seconds) 220°C 220°C 

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for 
other methods of soldering surface mount devices. 

ESD rating to be determined. 


Electrical Characteristics v + = + 5.0 Vdc, (Note 4), unless otherwise stated 




LM124A 

LM224A 

LM324A 

LM124/LM224 

LM324 

LM2902 




|Min Typ 

Max 

| Min Typ 

Max 

Min Typ 

Max 

Min Typ 

Max 

Min Typ 

Max 

Min Typ 

Max 


Input Offset Voltage 

(Note 5) 


+ 1 

±2 


±1 

+ 3 


±2 

±3 


+ 2 

±5 


±2 

±7 


±2 

±7 

mVoc 

Input Bias Current 
(Note 6) 

l IN(+)° rl IN(-)> V CM = 0V 


20 

50 


40 

80 


45 

100 


45 

150 


45 

250 


45 

250 

nAoc 

Input Offset Current 

>IN(+) “ l|Nf-)> Vcm = 0V 


±2 

±10 


+ 2 

+ 15 


±5 

+ 30 


±3 

±30 


±5 

±50 


±5 

±50 

nA D c 

Input Common-Mode 
Voltage Range (Note 7) 

V+ = 30V 0C , 

(LM2902, V + = 26 V D c) 

0 


V+-1.5 

0 


in 

T 

+ 

> 

0 


V + — 1.5 

0 


V+-1.5 

0 


V+-1.5 

0 


V + — 1.5 

o 

o 

> 

Supply Current 

R l = oo, v + = 30V, 

(LM2902 V + = 26V) 


1.5 

3 


1.5 

3 


1.5 

3 


1.5 

3 


1.5 

3 


1.5 

3 

mAoc 


r l = o° On All Op Amps 

Over Full Temperature Range 


0.7 

1.2 


0.7 

1.2 


0.7 

1.2 


0.7 

1.2 


0.7 

1.2 


0.7 

1.2 

Large Signal 

Voltage Gain 

V + = 15 V DC , R L ^ 2kn, 

(Vq = 1 Vdc to 11 Vdc) 

50 

100 


50 

100 


25 

100 


50 

100 


25 

100 


25 

100 


V/mV 

Common-Mode 

Rejection Ratio 

DC, V C m = ov to V + - 1 .5 V DC 

70 

85 


70 

85 


65 

85 


70 

85 


65 

85 


50 

70 


dB 

Power Supply 

Rejection Ratio 

DC, V + = 5 Vdc to 30 Vdc 
(LM2902, V + = 5 Vdc to 26 Vdc) 

65 

100 


65 

100 


65 

100 


65 

100 


65 

100 


50 

100 


dB 
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Electrical Characteristics v + = +5.0 Vpc (Note 4) unless otherwise stated (Continued) 


Parameter 

Conditions 

LM124A 

LM224A 

LM324A 

LM124/LM224 

LM324 

LM2902 

Units 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Amplifier-to-Amplifier 
Coupling (Note 8) 

f = 1 kHz to 20 kHz, 

(Input Referred) 

-120 

-120 

-120 

-120 

-120 

-120 

dB 

Output Current 

Source 

V|N + = 1 Vdc. V|n + = OVdc. 

V+ = 15V DC ,Vo = 2V DC 

20 40 

20 40 

20 40 

20 40 

20 40 

20 40 

mApc 

Sink 

V/n” = 1 Vdc. V|n + = OVdc. 
v + = 15 Vq C , v 0 = 2 v DC 

10 20 

10 20 

10 20 

10 20 

10 20 

10 20 

V| N _ = 1 v D c, V| N + = OVdc, 
v + = 15 v DC , v 0 = 200 mV DC 

12 50 

12 50 

12 50 

12 50 

12 50 

12 50 

M a dc 

Short Circuit to Ground 

(Note 2) V + = 15 V DC , T a = 25°C 

40 60 

40 60 

40 60 

40 60 

40 60 

40 60 

itiAdc 

Input Offset Voltage 

(Note 5) 

±4 

±4 

±5 

±7 

±9 

±10 

mVpc 

Input Offset 

Voltage Drift 

R s = on 

±7 ±20 

±7 ±20 

±7 ±30 

±7 

±7 

±7 

JLtV/°C 

Input Offset Current 

l|N(+) ~ l|N(— )> V C m = 0V 

±30 

±30 

±75 

±100 

±150 

±45 ±200 

nApc 

Input Offset 

Current Drift 

Rs = on 

±10 ±200 

±10 ±200 

±10 ±200 

±10 

±10 

±10 

PAdc/°C 

Input Bias Current 

l|N(+)Orl|N(-) 

40 100 

40 100 

40 200 

40 300 

40 500 

40 500 

nApc 

Input Common-Mode 
Voltage Range (Note 7) 

v + = +30 V DC 
(LM2902,V + = 26 V DC ) 

0 V + -2 

0 V + —2 

0 V + - 2 

0 V + —2 

0 V + —2 

0 V + —2 

Vdc 

Large Signal 

Voltage Gain 

V + = +15 V DC 

(V 0 Swing = 1 V DC to 1 1 V DC ) 

R l ^ 2 kn 

25 

25 

15 

25 

15 

15 

V/mV 

Output Voltage 
Swing 

Voh 

v + = +30 v DC , Rl = 2kn 

26 

26 

26 

26 

26 

22 

Vdc 

R[_ ^ 10 kn 

(LM2902, V + = 26 V DC ) 

27 28 

27 28 

27 28 

27 28 

27 28 

23 24 

VOL 

v + = 5 v D c. r l ^ 10 kn 

5 20 

5 20 

5 20 

5 20 

5 20 

5 100 

mV D c 


to 


zmzmmzzmmzzmmz 1 mmzw\mzw\/n v inn 
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Electrical Characteristics v + = + 5.0 Vpc (Note 4) unless otherwise stated (Continued) 




Conditions 


LM124A 

LM224A 

LM324A 

LM124/LM224 

LM324 

LM2902 

Units 





Min 

Typ Max 

Min 

Typ Max 

Min 

Typ Max 

Min 

Typ Max 

Min 

Typ Max 

Min 

Typ Max 

Output Current 

Source 

V 0 = 2 V DC 

+ 

6 > 
>8 
+ 5 

II II 

+ 1 
z z 
> > 

= 15 V DC 

10 

20 

10 

20 

10 

20 

10 

20 

10 

20 

10 

20 

itiAdc 


Sink 


Vin = +1 Vdc. 
V| N + = 0V DC ,V + 

= 15 Vdc 

10 

15 

5 

8 

5 

8 

5 

8 

5 

8 

5 

8 


Note 1: For operating at high temperatures, the LM324/LM324A, LM2902 must be derated based on a + 125°C maximum junction temperature and a thermal resistance of 88°C/W which applies for the device soldered in a printed 
circuit board, operating in a still air ambient. The LM224/LM224A and LM124/LM124A can be derated based on a + 150°C maximum junction temperature. The dissipation is the total of all four amplifiers— use external resistors, 
where possible, to allow the amplifier to saturate of to reduce the power which is dissipated in the integrated circuit. 

Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output current is approximately 40 mA independent of the magnitude of 
V + . At values of supply voltage in excess of + 15 Vdc. continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers. 
Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby acting as input diode 
clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the op amps to go to the V + voltage level (or to ground for a large 
overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value greater than -0.3 Vdc (at 25°C). 
Note 4: These specifications are limited to -55°C ^ T A £ +125°C for the LM124/LM124A. With the LM224/LM224A, all temperature specifications are limited to -25°C £ Ta £ + 85°C, the LM324/LM324A temperature 
specifications are limited to 0°C <. +70°C, and the LM2902 specifications are limited to -40°C ^ Ta <: +85°C. 

Note 5: Vo = 1-4 Vqc. Rs = Oft with V + from 5 Vdc to 30 Vdc'. and over the full input common-mode range (0 Vdc to V + - 1.5 Vdc) at 25°C; for LM2902, V + from 5 Vdc to 26 Vdc- 

Note 6: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the input lines. 

Note 7: The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3V (at 25°C). The upper end of the common-mode voltage range is V + - 1.5V (at 25°C), but either or both 
inputs can go to +32 Vqc without damage ( + 26 Vqc for LM2902), independent of the magnitude of V + . 

Note 8: Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be detected as this type of capacitance increases at higher frequencies. 
Note 9: Refer to RETS124AX for LM124A military specifications and refer to RETS124X for LM124 military specifications. 




Typical Performance Characteristics 
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Voltage Follower Pulse 
Response 



Voltage Follower Pulse 
Response (Small Signal) 
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Output Characteristics 
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Output Characteristics 
Current Sinking 



lo + - OUTPUT SOURCE CURRENT (mAoc> 
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Common Mode Rejection 
Ratio 



Large Signal Frequency 
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LM124/LM224/LM324/LM124A/LM224A/LM324A/LM2902 



LM 1 24/LM224/LM324/LM 1 24A/LM224A/LM324A/LM2902 


Typical Performance Characteristics (LM 2902 om y ) 



0 10 20 30 

V + - SUPPLY VOLTAGE (V DC ) 


Application Hints 

The LM124 series are op amps which operate with only a 
single power supply voltage, have true-differential inputs, 
and remain in the linear mode with an input common-mode 
voltage of 0 Vdc- These amplifiers operate over a wide 
range of power supply voltage with little change in perform- 
ance characteristics. At 25°C amplifier operation is possible 
down to a minimum supply voltage of 2.3 Vdc- 
The pinouts of the package have been designed to simplify 
PC board layouts. Inverting inputs are adjacent to outputs 
for all of the amplifiers and the outputs have also been 
placed at the corners of the package (pins 1, 7, 8, and 14). 
Precautions should be taken to insure that the power supply 
for the integrated circuit never becomes reversed in polarity 
or that the unit is not inadvertently installed backwards in a 
test socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Large differential input voltages can be easily accommo- 
dated and, as input differential voltage protection diodes are 
not needed, no large input currents result from large differ- 
ential input voltages. The differential input voltage may be 
larger than V+ without damaging the device. Protection 
should be provided to prevent the input voltages from going 
negative more than —0.3 Vdc (at 25°C). An input clamp 
diode with a resistor to the 1C input terminal can be used. 
To reduce the power supply drain, the amplifiers have a 
class A output stage for small signal levels which converts 
to class B in a large signal mode. This allows the amplifiers 
to both source and sink large output currents. Therefore 
both NPN and PNP external current boost transistors can 
be used to extend the power capability of the basic amplifi- 
ers. The output voltage needs to raise approximately 1 di- 
ode drop above ground to bias the on-chip vertical PNP 
transistor for output current sinking applications. 

For ac applications, where the load is capacitively coupled 
to the output of the amplifier, a resistor should be used, from 
the output of the amplifier to ground to increase the class A 
bias current and prevent crossover distortion. 



0 10 20 30 

V + - SUPPLY VOLTAGE (V DC ) 

TL/H/9299-4 


Where the load is directly coupled, as in dc applications, 
there is no crossover distortion. 

Capacitive loads which are applied directly to the output of 
the amplifier reduce the loop stability margin. Values of 
50 pF can be accommodated using the worst-case non-in- 
verting unity gain connection. Large closed loop gains or 
resistive isolation should be used if larger load capacitance 
must be driven by the amplifier. 

The bias network of the LM124 establishes a drain current 
which is independent of the magnitude of the power supply 
voltage over the range of from 3 Vdc to 30 Vdc- 
Output short circuits either to ground or to the positive pow- 
er supply should be of short time duration. Units can be 
destroyed, not as a result of the short circuit current causing 
metal fusing, but rather due to the large increase in 1C chip 
dissipation which will cause eventual failure due to exces- 
sive junction temperatures. Putting direct short-circuits on 
more than one amplifier at a time will increase the total 1C 
power dissipation to destructive levels, if not properly pro- 
tected with external dissipation limiting resistors in series 
with the output leads of the amplifiers. The larger value of 
output source current which is available at 25°C provides a 
larger output current capability at elevated temperatures 
(see typical performance characteristics) than a standard 1C 
op amp. 

The circuits presented in the section on typical applications 
emphasize operation on only a single power supply voltage. 
If complementary power supplies are available, all of the 
standard op amp circuits can be used. In general, introduc- 
ing a pseudo-ground (a bias voltage reference of V + /2) will 
allow operation above and below this value in single power 
supply systems. Many application circuits are shown which 
take advantage of the wide input common-mode voltage 
range which includes ground. In most cases, input biasing is 
not required and input voltages which range to ground can 
easily be accommodated. 
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Typical Single-Supply Applications <v + = 5.0 v DC ) 

Non-Inverting DC Gain (OV Input = OV Output) 




TL/H/9299-5 


DC Summing Amplifier 
( V IN’S ^ 0 V DC and V 0 ^ Vqc) 


R 

100 k 



R 

100 k 


TL/H/9299-6 

Where: V 0 = + V 2 - V 3 - V 4 

(Vi + V 2 ) ^ (V 3 + V 4 ) to keep Vq > 0 Vqc 


Power Amplifier 

R1 

910k 



LED Driver “BI-QUAD” RC Active Bandpass Filter 



TL/H/9299-9 
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Typical Single-Supply Applications (v + = 5.0 v DC ) (continued) 

Fixed Current Sources Lamp Driver 


v + v + 



TL/H/9299-12 


Voltage Follower Pulse Generator 



TL/H/9299-15 




Typical Single-Supply Applications (v + = 5.0 v DC ) (continued) 


Squarewave Oscillator 


Pulse Generator 



lo == 1 amp/volt V|n — 

(Increase Re for l 0 small) TL/H/9299-18 



High Compliance Current Sink 

TL/H/9299-16 


Low Drift Peak Detector 


TL/H/9299-17 

"i 

\J|' 

1/4 LM124A >— 4 


•b 

D 






HIGH Zi N B I 

LOW Zqut ? 



INPUT CURRENT 
COMPENSATION 


Comparator with Hysteresis 



Ground Referencing a Differential Input Signal 

I 



TL/H/9299-21 









LM 1 24/LM224/LM324/LM 1 24A/LM224 A/LM324A/LM2902 


Typical Single-Supply Applications <v+ - 5.0 v DC ) (continued) 


Voltage Controlled Oscillator Circuit 


0.05/jF 



*Wide control voltage range: 0 Vqc ^ Vc £ 2 (V+ -1.5 Vqc) 


TL/H/9299-22 


Photo Voltaic-Cell Amplifier 


R. 

1M 



TL/H/9299-23 

AC Coupled Inverting Amplifier 


Rf 

100k 



TL/H/9299-24 
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Typical Single-Supply Applications <v+ = 5.0 v DC ) (continued) 


AC Coupled Non-Inverting Amplifier 

R1 R2 

100k 1M 



1 
3 Vpp 

T 


DC Coupled Low-Pass RC Active Filter 


ci 

0.01/jF 



High Input Z, DC Differential Amplifier 

R2 

100k 



As shown: Vn = 2 (V? - Vi) 


TL/H/9299-25 


TL/H/9299-26 


TL/H/9299-27 










Typical Single-Supply Applications (v+ = 5.0 v DC ) (continued) 

Bandpass Active Filter 


ci 

0.01/iF 
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LM143/LM343 




National 

Semiconductor 

Corporation 


LM143/LM343 High Voltage 
Operational Amplifier 

General Description 

The LM143 is a general purpose high voltage operational 
amplifier featuring operation to ± 40V, complete input over- 
voltage protection up to ±40V and input currents compara- 
ble to those of other super-# op amps. Increased slew rate, 
together with higher common-mode and supply rejection, 
insure improved performance at high supply voltages. Oper- 
ating characteristics, in particular supply current, slew rate 
and gain, are virtually independent of supply voltage and 
temperature. Furthermore, gain is unaffected by output 
loading at high supply voltages due to thermal symmetry on 
the die. The LM143 is pin compatible with general purpose 
op amps and has offset null capability. 

Application areas include those of general purpose op 
amps, but can be extended to higher voltages and higher 
output power when externally boosted. For example, when 
used in audio power applications, the LM143 provides a 
power bandwidth that covers the entire audio spectrum. In 
addition, the LM143 can be reliably operated in environ- 
ments with large overvoltage spikes on the power supplies, 
where other internally-compensated op amps would suffer 
catastrophic failure. 

The LM343 is similar to the LM143 for applications in less 
severe supply voltage and temperature environments. 


Features 

■ Wide supply voltage range ±4.0V to ±40V 

■ Large output voltage swing ±37V 

■ Wide input common-mode range ±38V 

■ Input overvoltage protection Full ±40V 

■ Supply current is virtually independent of supply voltage 
and temperature 

Unique Characteristics 

■ Low input bias current 8.0 nA 

■ Low input offset current 1 .0 nA 

■ High slew rate — essentially independent of temperature 


and supply voltage 


2.5V/jas 


High voltage gain — virtually independent of resistive 

loading, temperature, and supply voltage 100k min 

Internally compensated for unity gain 

Output short circuit protection 

Pin compatible with general purpose op amps 


Connection Diagram 


Metal Can Package 
Top View 


OFFSET NULL ( 1 


NON-INVERTING ( 3 
INPUT 


5 1 OFFSET NULL 


Order Number LM143H or LM343H 
See NS Package Number H08C 
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Absolute Maximum Ratings (Notei) 








If Military/ Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for 

availability and specifications. 








(Note 4) 












LM143 



LM343 


Supply Voltage 



±40V 



±34V 


Power Dissipation (Note 1 ) 

680 mW 



680 mW 


Differential Input Voltage (Note 2) 


80V 



68V 


Input Voltage (Note 2) 


±40V 



±34V 


Operating Temperature Range 

— 55°C to + 1 25°C 


0°C to +70°C 


Storage Temperature Range 

— 65°C to +150°C 


— 65°C to + 1 50°C 


Output Short Circuit Duration 

5 seconds 



5 seconds 


Lead Temperature (Soldering, 10 sec.) 


300°C 



300°C 


ESD rating to be determined. 








Electrical Characteristics (Note 3) 








Parameter 

Conditions 

LM143 

LM343 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Input Offset Voltage 

T a = 25°C 


2.0 

5.0 


2.0 

8.0 

mV 

Input Offset Current 

T a = 25° C 


1.0 

3.0 


1.0 

10 

nA 

Input Bias Current 

T a = 25°C 


8.0 

20 


8.0 

40 

nA 

Supply Voltage 

Rejection Ratio 

T a = 25°C 


10 

100 


10 

200 

jllV/V 

Output Voltage Swing 

T a = 25° C, R L ^ 5 kn 

22 

25 


20 

25 


V 

Large Signal Voltage 

T a = 25°C, V 0UT = ± 10V, 

100k 

180k 


70k 

180k 


V/V 

Gain 

R l ^ 100 kft 






Common-Mode 

Rejection Ratio 

T a = 25° C 

80 

90 


70 

90 


dB 

Input Voltage Range 

T a = 25°C 

24 

26 


22 

26 


V 

Supply Current (Note 5) 

T a = 25°C 


2.0 

4.0 


2.0 

5.0 

mA 

Short Circuit Current 

T a = 25°C 


20 



20 


mA 

Slew Rate 

T a = 25° C, A v = 1 


2.5 



2.5 


V/jaS 

Power Bandwidth 

T a = 25°C, V 0 UT = 40 V p . p , 

R L = 5 kfl, THD £ 1 % 


20k 



20k 


Hz 

Unity Gain Frequency 

T a = 25°C 


1.0M 



1.0M 


Hz 

Input Offset Voltage 

T a = Max 



6.0 



10 

mV 


T a = Min 



6.0 



10 

Input Offset Current 

T a = Max 


0.8 

4.5 


0.8 

14 

nA 


c 

2 

II 

£ 


1.8 

7.0 


1.8 

14 

Input Bias Current 

T a = Max 


5.0 

35 


5.0 

55 

nA 


T a = Min 


16 

35 


16 

55 

Large Signal Voltage 

Rl_ ^ 100 kfl, T a = Max 

50k 

150k 


50k 

150k 


V/V 

Gain 

Rl ^ 100 kfl, T a = Min 

50k 

220k 


50k 

220k 


Output Voltage Swing 

Rl ^ 5.0 kfl, T a = Max 

22 

26 


20 

26 


v 


Rl ^ 5.0 kfl, T a = Min 

22 

25 


20 

25 



Note 1: Absolute maximum ratings are not necessarily concurrent, and care must be taken not to exceed the maximum junction temperature of the LM143 (150°C) 
or the LM343 (100°C). For operating at elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction 

to ambient, or 45°C/W, junction to case. 








Note 2: For supply voltage less than +40V for the LM143 and less than ±34V for the LM343, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: These specifications apply for Vs = ±28V. For LM143, T A = max 

= 1 25°C and Ta = min 

= — 55°C. For LM343, T A = max = 70°C and T A 

= min = 

0°C. 









Note 4: Refer to RETS143X for LM143H and LM1536H military specifications. 







Note 5: The maximum supply currents are guaranteed at Vs = ±40V for the LM143 and Vs = ±34V for the LM343. 
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Typical Performance Characteristics 


Voltage Follower Slew Rate 













N 

EGA 

F=l 

TIVI 

SLI 

a 

W 
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-J 

p 
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I 




r 

r A = 

25° C 


i 





V s = ±28V 


-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Supply Current 



-55-35-15 5 25 45 65 85 105 125 
TEMPERATURE |°C) 


Short Circuit Current 



-55-35 -15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 


Unity Gain Bandwidth 



-55-35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 



Common-Mode Rejection 



1.0 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Power Supply Rejection 



1.0 10 100 Ik 10k 100k 1M 


FREQUENCY (Hz) 


Large Signal Frequency 
Response 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 



1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Voltage Follower Pulse 



0 10 20 30 40 

TIME (/ij) 



inverter Pulse Response 



0 10 20 30 40 

TIME (/js) 

TL/H/7783-4 
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LM143/LM343 


Typical Performance Characteristics (Continued) 
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0 10 20 30 40 

SUPPLY VOLTAGE (±V) 



SUPPLY VOLTAGE (±V) 


Supply Current 


















r 








T 








r 






, = 25 

L 

*c- 

L 

L 





' A 


10 20 30 

SUPPLY VOLTAGE f±V) 


Input Current 



-55 -35 -15 5 25 45 65 85 105 125 


TEMPERATURE ( 0 C) 


Voltage Gain 



-55-35-15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 

TL/H/7783-3 


Application Hints (seeAN- 127 ) 

The LM143 is designed for trouble free operation at any 
supply voltage up to and including the guaranteed maximum 
of ±40V. Input overvoltage protection, both common-mode 
and differential, is 100% tested and guaranteed at the maxi- 
mum supply voltage. Furthermore, all possible high voltage 
destructive modes during supply voltage turn-on have been 
eliminated by design. As with most 1C op amps, however, 
certain precautions should be observed to insure that the 
LM143 remains virtually blow-out proof. 

Although output short circuits to ground or either supply can 
be sustained indefinitely at lower supply voltages, these 
short circuits should be of limited duration when operating at 
higher supply voltages. Units can be destroyed by any com- 
bination of high ambient temperature, high supply voltages, 
and high power dissipation which results in excessive die 
temperature. This is also true when driving low impedance 
or reactive loads or loads that can revert to low impedance; 
for example, the LM143 can drive most general purpose op 
amps outside of the maximum input voltage range, causing 
heavy current to flow and possibly destroying both devices. 
Precautions should be taken to insure that the power sup- 
plies never become reversed in polarity — even under tran- 
sient conditions. With reverse voltage, the 1C will conduct 
excessive current, fusing the internal aluminum intercon- 
nects. Voltage reversal between the power supplies will al- 
most always result in a destroyed unit. 


In high voltage applications which are sensitive to very low 
input currents, special precautions should be exercised. For 
example, with high source resistances, care should be tak- 
en to prevent the magnitude of the PC board leakage cur- 
rents, although quite small, from approaching those of the 
op amp input currents. These leakage currents become 
larger at 125°C and are made worse by high supply volt- 
ages. To prevent this, PC boards should be properly 
cleaned and coated to prevent contamination and to pro- 
vide protection from condensed water vapor when operat- 
ing below 0°C. A guard ring is also recommended to signifi- 
cantly reduce leakage currents from the op amp input pins 
to the adjacent high voltage pins in the standard op amp pin 
connection as shown in Figure 1. Figures 2, 3 and 4 show 
how the guard ring is connected for the three most common 
op amp configurations. 

Finally, caution should be exercised in high voltage applica- 
tions as electrical shock hazards are present. Since the 
negative supply is connected to the case, users may inad- 
vertantly contact voltages equal to those across the power 
supplies. 

The LM143 can be used as a plug-in replacement in most 
general purpose op amp applications. The circuits present- 
ed in the following section emphasize those applications 
which take advantage of the unique high voltage abilities of 
the LM143. 
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Application Hints (See AN- 1 27) (Continued) 



OFFSET MULL ©* 

4 

/ 

V' 


Bottom View 


TL/H/7783-5 


FIGURE 1. Printed Circuit Layout for Input 
Guarding with TO-5 Package 



R1 R2 



FIGURE 3. Guarded Non-Inverting Amplifier 



TL/H/7783-6 

FIGURE 2. Guarded Voltage Follower 



TL/H/7783-8 

FIGURE 4. Guarded Inverting Amplifier 
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Typical Applications $ (For more detail see AN-127) 

130 Vp.p Drive Across a Floating Load 
ci 



+ 34V Common-Mode Instrumentation Amplifier 


V + = 38V 



*R2 may be adjustable to trim the gain. 

**R7 may be adjusted to compensate for the resistance tolerance of R4-R7 for best CMR. 


:j:The 38V supplies allow for a 5% voltage tolerance. All resistors are y 2 watt, except as noted. 


TL/H/7783-9 


TL/H/7783-10 
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OUTPUT VOLTAGE 
ADJUSTMENT 









2-350 






Typical Applications t (Continued) (For more detail see AN-127) 

1 Amp Power Amplifier with Short Circuit Protection 

V + = +38V 



TL/H/7783-13 

tThe 38V supplies allow for a 5% voltage tolerance. All resistors are y 2 watt, except as noted. 
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LM144/LM344 


National 
Semiconductor 
Corporation 

LM144/LM344 High Voltage, High Slew Rate Operational 
Amplifier 

General Description 

The LM144 is a general purpose high voltage, uncompen- 
sated operational amplifier featuring operation to ±36V, 
complete input overvoltage protection up to the supply volt- 
ages and input currents comparable to those of other super- 
0 op amps. Increased slew rate, together with high com- 
mon-mode and supply rejection, insure excellent perform- 
ance at high supply voltages. Operating characteristics, in 
particular supply current, slew rate and gain, are virtually 
independent of supply voltage and temperature. Further- 
more, due to thermal symmetry on the die, gain is unaffect- 
ed by output loading at high supply voltages. 

With the unique advantages of low input current, high gain, 
and high slew rate, the LM144 can increase accuracy and 
useful frequency range in many existing applications. For 
example, the LM144 is a plug-in replacement for the 
LM101A, as well as other general purpose op amps. 

The LM144 can be compensated with a single capacitor, 
thus giving the user the ability to optimize ac parameters to 
suit the application. For example, in applications such as 
audio power amplifiers, the LM144 with a gain of 10 can 
provide a ±30V output swing, a slew rate of approximately 
30V/ju.s, and a 120 kHz full power bandwidth. 


Typical Application 

Large Power Bandwidth, Current Boosted Audio Line Driver 

+36V 


VoUT 

15 >300 


2N4033 


O -36V 

TL/H/7784-1 



In applications where capacitive loads or cables must be 
driven, the LM144 can be overcompensated for increased 
stability. 

The LM344 is similar to the LM144 for applications in less 
severe supply voltage and temperature environments. 

Features 

m External compensation provides 

large power bandwidth (Ay ^10) 120 kHz 

■ Wide operating voltage range ±4.0V to ±36V 

m Large output voltage swing ±30V 

o Wide input common-mode range 
0 Input overvoltage protection 

0 Electrical characteristics independent of supply voltage 
and temperature 

Unique Characteristics 


B Low input bias current 8.0 nA 

m Low input offset current 1 .0 nA 

Q High slew rate (Ay ^10) 30V/jas 

s High voltage gain 100k min 


m Offset voltage null capability 
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Absolute Maximum Ratings (These ratings are not concurrent) 

If Military/ Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for 
availability and specifications. 

(Note 4) 


Supply Voltage 

Power Dissipation (Note 1 ) 

Differential Input Voltage (Note 2) 
Input Voltage (Note 2) 

Operating Temperature Range 
Storage Temperature Range 
Output Short Circuit Duration 
Lead Temperature (Soldering, 10 sec) 
ESD rating to be determined. 


LM144 

±40V 
680 mW 
80V 
±40V 

— 55°C to +125°C 

— 65°C to +150°C 

5 seconds 
300°C 


Electrical Characteristics (Note 3 ) 


LM344 

±34V 
680 mW 
68V 
±34V 

0°C to + 70°C 
-65°C to + 1 50°C 
5 seconds 
300°C 


Conditions 


Input Offset Voltage 
Input Offset Current 
Input Bias Current 

Supply Voltage 
Rejection Ratio 


T a = 25°C 
T a = 25°C 
T a = 25°C 
T a = 25°C 


Output Voltage Swing 

T a = 25°C, R l ^ 5 ka 

22 

25 


20 

25 


V 

Large Signal Voltage 

Gain 

T A = 25°C, Vqut = ± 10V, 
r l ^ ioo kn 

100k 

180k 


70k 

180k 


V/V 

Common-Mode Rejection 
Ratio 

T a = 25°C 

80 

90 


70 

90 


dB 

Input Voltage Range 

T a = 25° C 

24 

26 


22 

26 


V 


Supply Current T A = 25°C 2.0 4.0 2.0 5.0 mA 

Short Circuit Current T A = 25°C 20 20 mA 

Slew Rate T A = 25°C, A v = 1 2.5 2.5 V/jus 

T a = 25°C, Ay = 10, Cl = 3 pF 30 30 V/jlis 

Power Bandwidth T A = 25°C, V 0UT = 40V p . p , 

R l = 5 kfl, THD ^ 1 %, Ay = 1 _ 

Unity Gain Frequency T A = 25°C 1.0M 1.0M Hz 

Input Offset Voltage T A = Max 6.0 10 mV 

T a = Min (TO 10 mV 

Input Offset Current T A = Max 0.8 4.5 0.8 14 nA 

T a = Min 1.8 7.0 1.8 14 nA 

Input Bias Current T A = Max 5.0 35 5.0 55 nA 

T a = Min 16 35 16 55 nA 

Large Signal Voltage Gain Rl ^ 100 kfi, T A = Max 50k 150k 50k 150k V/V 

R l ;> 100 kfi, T a = Min 50k 220k 50k 220k V/V 

Output Voltage Swing Rl ^ 5.0 kn, T A = Max 22 26 20 26 V 

R l ^ 5.0 kn, T a = Min 22 25 20 25 V 

Note 1: The maximum junction temperature of the LM144 is 150°C, while that of the LM344 is 100°C. For operating at elevated temperatures, devices in the TO-5 
package must be derated based on a thermal resistance of 1 50°C/W, junction to ambient, or 45°C/W, junction to case. 

Note 2: For supply voltage less than ±40V for the LM144 and less than ±34V for the LM344, the absolute maximum input voltage is equal to the supply voltage. 
Note 3: These specifications apply for Vs = ±28V. For the LM144, Ta = max = 125°C and Ta = min = -55°C. For the LM344, Ta = max = 70°C and Ta = 
min = 0°C. 

Note 4: Refer to RETS144X for LM144H specifications. 
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VOLTAGE GAIN (dB) COMMON-MODE REJECTION (dB) UNITY GAIN BANDWIDTH ((MHz) SLEW RATE IVIm) 



LM144/LM344 







LM144/LM344 


Application Hints (SeeAisoAN- 127 ) 

The LM144 is designed for trouble-free operation at any 
supply voltage up to a maximum of ±40V. Input overvoltage 
protection, both common-mode and differential, is 100% 
tested and guaranteed at the maximum supply voltage. Fur- 
thermore, all possible high voltage destructive modes during 
supply voltage turn-on have been eliminated by design. As 
with most 1C op amps, however, certain precautions should 
be observed to insure that the LM144 remains virtually 
blow-out proof. 

Although output short circuits to ground or either supply can 
be sustained indefinitely for supply voltages, below ±18V, 
these short circuits should be of limited duration when oper- 
ating at higher supply voltages. Units can be destroyed by 
any combination of high ambient temperature, high supply 
voltages, and high power dissipation which results in exces- 
sive die temperature. This is also true when driving low im- 
pedance or reactive loads or loads that can revert to low 
impedance; for example, the LM144 can drive most general 
purpose op amps outside of their maximum input voltage 
range, causing heavy current to flow and possibly destroy- 
ing both devices. 

Precautions should be taken to insure that the power sup- 
plies never become reversed in polarity — even under tran- 
sient conditions. With reverse voltage, the 1C will conduct 
excessive current, fusing the internal aluminum intercon- 
nects. Voltage reversal between the power supplies will al- 
most always result in a destroyed unit. 

In high voltage applications which are sensitive to very low 
input currents, special precautions should be exercised. 


COMPENSATION 



TL/H/7784-5 

Bottom View 

FIGURE 1. Printed Circuit Layout for 
Input Guarding with TO-5 Package 


R1 R2 



FIGURE 3. Guarded Non-Inverting Amplifier 


For example, with high source resistances, care should be 
taken to prevent the magnitude of the PC board leakage 
currents, although quite small, from approaching those of 
the op amp input currents. These leakage currents become 
larger at 125°C and are made worse by high supply volt- 
ages. To prevent this, PC boards should be properly 
cleaned and coated to prevent contamination and to pro- 
vide protection from condensed water vapor when operat- 
ing below 0°C. A guard ring is also recommended to signifi- 
cantly reduce leakage currents from the op amp input pins 
to the adjacent high voltge pins in the standard op amp pin 
connection as shown in Figure 1. Figures 2, 3 and 4 show 
how the guard ring is connected for the three most common 
op amp configurations. 

The minimum values given for the frequency compensation 
capacitor are stable only for source resistances less than 10 
kH, stray capacitances on the summing junction less than 5 
pF and capacitive loads smaller than 100 pF. If any of these 
conditions are not met, it becomes necessary to overcom- 
pensate the amplifier with a larger compensation capacitor. 
Alternately, lead capacitors can be used in the feedback 
network to negate the effect of stray capacitance and large 
feedback resistors or an RC network can be added to iso- 
late capacitive loads. See Figures 5, 6 and 7. 

Finally, caution should be exercised in high voltage applica- 
tions as electrical shock hazards are present. Since the 
negative supply is connected to the case, users may inad- 
vertantly contact voltages equal to those across the power 
supplies. 



R1 = RSOURCE TL/H/7784-6 

FIGURE 2. Guarded Voltage Follower 


R1 R2 



FIGURE 4. Guarded Inverting Amplifier 
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Application Hints (Continued) 



C c = 27 PF 

TL/H/7784-9 


FIGURE 5. Single Pole Compensation 

C2 



TL/H/7784-1 1 


FIGURE 7. Compensating For Stray Input Capacitances 
or Large Feedback Resistor 



TL/H/7784-1 3 

FIGURE 9. Balancing Circuit 



TL/H/7784-10 

FIGURE 6. Isolating Large Capacitive Loads 


R3 



.‘.Protects output — not 
needed when R4 is used 

TL/H/7784-1 2 

FIGURE 8. Protecting Against Gross Fault Conditions 


Connection Diagram 


Metal Can Package 

COMPENSATION 



TL/H/7784-14 

Top View 

Pin 4 is connected to case 

Order Number LM144H or LM344H 
See NS Package Number H08C 
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Schematic Diagram 


COMPENSATION 
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National 

Semiconductor 

Corporation 


LM146/LM246/LM346 Programmable Quad 


Operational Amplifiers 

General Description 

The LM146 series of quad op amps consists of four inde- 
pendent, high gain, internally compensated, low power, pro- 
grammable amplifiers. Two external resistors (Rset) allow 
the user to program the gain bandwidth product, slew rate, 
supply current, input bias current, input offset current and 
input noise. For example, the user can trade-off supply cur- 
rent for bandwidth or optimize noise figure for a given 
source resistance. In a similar way, other amplifier charac- 
teristics can be tailored to the application. Except for the 
two programming pins at the end of the package, the 
LM146 pin-out is the same as the LM124 and LM148. 


Features (Iset = io p. a) 

■ Programmable electrical characteristics 

■ Battery-powered operation 

■ Low supply current 350 jliA amplifier 

■ Guaranteed gain bandwidth product 0.8 MHz min 

■ Large DC voltage gain 120 dB 

■ Low noise voltage 28 nV/VHz 

■ Wide power supply range ±1.5V to ±22V 

n Class AB output stage-no crossover distortion 

n Ideal pin out for Biquad active filters 
a Input bias currents are temperature compensated 


Connection Diagram (Dual-In-Line Package, Top View) 



TL/H/5654-1 

Order Number LM146J, LM246J, LM346J, 
LM346M or LM346N 

See NS Package Number J16A, M16A or N16A 


PROGRAMMING EQUATIONS 

Total Supply Current = 1.4 mA (Iset /10 pA) 
Gain Bandwidth Product = 1 MHz (Iset /10 pA) 
Slew Rate = 0.4/ju.s (Iset /10 pA) 

Input Bias Current = 50 nA Oset/ 10 pA) 

Iset = Current into pin 8, pin 9 (see schematic- 
diagram) 

V + - V" - 0.6V 


Schematic Diagram 



TL/H/5654-2 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for 
availability and specifications. 

(Note 5) 

LM146 LM246 LM346 

Supply Voltage ±22 V ±18V ±18V 

Differential Input Voltage (Note 1) ±30V ±30V ±30V 

CM Input Voltage (Notei) ±15V ±15V ±15V 

Power Dissipation (Note 2) 900 mW 500 mW 500 mW 

Output Short-Circuit Duration (Note 3) indefinite Indefinite Indefinite 

Operating T emperature Range - 55°C to + 1 25°C - 25°C to + 85°C 0°C to + 70°C 

Maximum Junction Temperature 150°C 110°C 100°C 

Storage T emperature Range - 65°C to + 1 50°C - 65°C to + 1 50°C - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10 seconds) 260°C 260°C 260°C 

Thermal Resistance (Oja), (Note 2) 

Cavity DIP (J) Pd 900 mW 900 mW 900 mW 

0 jA 100°C/W 100°C/W 100°C/W 

Small Outline (M) 0jA 1 1 5°C/W 

Molded DIP (N) Pd 500 mW 

0j A 90°C/W 

Soldering Information 

Dual-ln-Line Package 

Soldering (10 seconds) +260°C +260°C +260°C 

Small Outline Package 

Vapor Phase (60 seconds) + 215°C +215°C +215°C 

Infrared (1 5 seconds) + 220°C + 220°C + 220°C 

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount 
devices. 

ESD rating is to be determined. 

DC Electrical Characteristics (v s =±i 5 v, i SE T=io^A,Note4) 

Parameter 

Conditions 

LM146 

LM246/LM346 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

Vcm = 0V, R s £50ft, T A = 25°C 


0.5 

5 


0.5 

6 

mV 

Input Offset Current 

Vcm = 0V,T a = 25 o C 


2 






Input Bias Current 

V C M = 0V,T a = 25°C 








Supply Current (4 Op Amps) 

T a =25°C 


1.4 

2.0 


1.4 


mA 

Large Signal Voltage Gain 

Rl= 10 kft, AV O ut=±10V, 

T a = 25°C 

100 

1000 





V/mV 

Input CM Range 

T a = 25°C 

±13.5 

±14 


±13.5 

±14 


V 

CM Rejection Ratio 

R s ^10 kn, T a = 25°C 

80 

100 


70 

100 


dB 

Power Supply Rejection Ratio 

R s ^10kn,T A = 25 o C 

80 

100 


74 

100 


dB 

Output Voltage Swing 

R L ^ 10 kft, T A = 25°C 

±12 

±14 


±12 

±14 


V 

Short-Circuit 

T a = 25°C 

5 

20 

35 

5 

20 

35 

mA 

Gain Bandwidth Product 

T a = 25°C 

0.8 

1.2 


0.5 

1.2 


MHz 

Phase Margin 

T a = 25°C 


60 



60 


1 ^| 

Slew Rate 

T a = 25°C 


0.4 



0.4 



Input Noise Voltage 

f=1 kHz, T a = 25°C 


28 



28 


nV/>/Hz 

Channel Separation 

R|_ =10 kfl, AVouT^OV to 
± 12V, T a = 25°C 


120 



120 


dB 

Input Resistance 

T a — 25°C 


1.0 



1.0 


MH 

Input Capacitance 

T a = 25°C 





KI3I 


PF 

Input Offset Voltage 

Vcm = 0V, R s <;50ft 


0.5 

6 




mV 

input Offset Current 

V C M = 0V 


2 



2 


nA 

Input Bias Current 

V CM = 0V 






E28 

nA 

Supply Current (4 Op Amps) 



1.7 



1.7 


mA 

Large Signal Voltage Gain 

R L =iokn, av 0 ut=±iov 

50 

1000 


25 

1000 


V/m V 
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DC Electrical Characteristics (continued) (v s =+i5v,i S et=i m) 


Parameter 

Conditions 

LM146 

LM246/LM346 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input CM Range 


±13.5 

±14 


±13.5 

±14 


V 

CM Rejection Ratio 

R s ^50n 

70 

100 


70 

100 


dB 

Power Supply Rejection Ratio 

Rs^50fl 

76 

100 


74 

100 


dB 

Output Voltage Swing 

r l ^io ka 

±12 

±14 


±12 

±14 


V 

Input Offset Voltage 

VcM = 0V, Rs^soa, 
T a = 25°C 


0.5 

5 


0.5 

7 

mV 

Input Bias Current 

Vcm = 0V,T a = 25°C 


7.5 

20 


7.5 

100 

nA 

Supply Current (4 Op Amps) 

T a = 25°C 


140 

250 


140 

300 

jliA 

Gain Bandwidth Product 

T a = 25°C 

80 

100 


50 

100 


kHz 


DC Electrical Characteristics <v s - ±i.sv, i SE t=io 


Parameter 

Conditions 

| LM146 

LM246/LM346 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

Vcm = 0V, R s ^50a, 

T A = 25°C 


0.5 

5 


0.5 

7 

mV 

Input CM Range 

T a = 25°C 

±0.7 



±0.7 



V 

CM Rejection Ratio 

R s ^50a, T a = 25°C 


80 



80 


dB 

Output Voltage Swing 

R L ^10ka,T A = 25°C 

±0.6 



±0.6 



V 


Note 1: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by Tjmax, 0jA. and the ambient temperature, 
Ta- The maximum available power dissipation at any temperature is Pd=(TjMAX - Ta)/^a or the 25°C PdMAX. whichever is less. 

Note 3: Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted as the maximum junction 
temperature will be exceeded. 

Note 4: These specifications apply over the absolute maximum operating temperature range unless otherwise noted. 

Note 5: Refer to RETS146X for LM146J military specifications. 


Typical Performance Characteristics 


Input Bias Current vs Iset 



Supply Current vs Iset 
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Typical Performance Characteristics (Continued) 

Gain Bandwidth Product 


Open Loop Voltage Gain 
vs Temperature 
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Application Hints 

Avoid reversing the power supply polarity; the device will 
fail. 

Common-Mode Input Voltage: The negative common- 
mode voltage limit is one diode drop above the negative 
supply voltage. Exceeding this limit on either input will result 
in an output phase reversal. The positive common-mode 
limit is typically IV below the positive supply voltage. No 
output phase reversal will occur if this limit is exceeded by 
either input. 

Output Voltage Swing vs Iset : For a desired output volt- 
age swing the value of the minimum load depends on the 
positive and negative output current capability of the op 
amp. The maximum available positive output current, 
OcL-f )' of the device increases with Iset whereas the nega- 
tive output current (Icl-) is independent of Iset- Figure 1 
illustrates the above. 



0 2 4 6 8 10 

iset ^a> 

TL/H/5654-7 

FIGURE 1. Output Current Limit vs Iset 


Input Capacitance: The input capacitance, Cin, of the 
LM146 is approximately 2 pF; any stray capacitance, Cs, 
(due to external circuit circuit layout) will add to Cin. When 
resistive or active feedback is applied, an additional pole is 
added to the open loop frequency response of the device. 
For instance with resistive feedback {Figure 2), this pole 
occurs at y 2 7r (R1 ||R2) (Cin + Cs). Make sure that this pole 
occurs at least 2 octaves beyond the expected -3 dB fre- 
quency corner of the closed loop gain of the amplifier; if not, 
place a lead capacitor in the feedback such that the time 
constant of this capacitor and the resistance it parallels is 
equal to the R|(Cs + Cin), where R| is the input resistance 
of the circuit. 



TL/H/5654-9 


Temperature Effect on the GBW: The GBW (gain band- 
width product), of the LM146 is directly proportional to Iset 
and inversely proportional to the absolute temperature. 
When using resistors to set the bias current, Iset. of the 
device, the GBW product will decrease with increasing tem- 
perature. Compensation can be provided by creating an 
Iset current directly proportional to temperature (see typical 
applications). 


Isolation Between Amplifiers: The LM146 die is isother- 
mally layed out such that crosstalk between all 4 amplifiers 
is in excess of -105 dB (DC). Optimum isolation (better 
than -110 dB) occurs between amplifiers A and D, B and 
C; that is, if amplifier A dissipates power on its output stage, 
amplifier D is the one which will be affected the least, and 
vice versa. Same argument holds for amplifiers B and C. 
LM146 Typical Performance Summary: The LM146 typi- 
cal behaviour is shown in Figure 3. The device is fully pre- 
dictable. As the set current, Iset. increases, the speed, the 
bias current, and the supply current increase while the noise 
power decreases proportionally and the Vqs remains con- 
stant. The usable GBW range of the op amp is 10 kHz to 
3.5-4 MHz. 



1 10 100 Ik 

SUPPLY CURRENT M) 

i 1 — i i ii nu t — i i I' H itii — ► 

0.1 1 10 

•SETkA) 

i 1 i i \ m — ► i n 2 ( ^ ] 

tit w 

(85)2 j85)2 [_ (85)2 

5 18 


50 


0.5 


TL/H/5654-8 


FIGURE 3. LM146 Typical Characteristics 


Low Power Supply Operation: The quad op amp operates 
down to ± 1 .3V supply. Also, since the internal circuitry is 
biased through programmable current sources, no degrada- 
tion of the device speed will occur. 

Speed vs Power Consumption: LM146 vs LM4250 (single 
programmable). Through Figure 4, we observe that the 
LM146’s power consumption has been optimized for GBW 
products above 200 kHz, whereas the LM4250 will reach a 
GBW of no more than 300 kHz. For GBW products below 
200 kHz, the LM4250 will consume less power. 



TL/H/5654-10 

FIGURE 4. LM146 vs LM4250 
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Typical Applications 


Dual Supply or Negative Supply Biasing Single (Positive) Supply Biasing 




Current Source Biasing 
with Temperature Compensation 


Biasing all 4 Amplifiers 
with Single Current Source 



l SET = 


67.7 mV 
r SET 


• The LM334 provides an Iset directly proportional to 
absolute temperature. This cancels the slight GBW product 
Temperature coefficient of the LM346. 



TL/H/5654-11 


jSETI 

!SET2 


R2 

R1* 


ISET1 + ISET2 == 


67.7 mV 
r SET 


• For Iseti =lsET2 resistors R1 and R2 are not required 
if a slight error between the 2 set currents can be tolerated, 
if not, then use R1 = R2 to create a 100 mV drop across 
these resistors. 
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Active Filters Applications 


Basic (Non-Inverting “State Variable”) Active Filter Building Block 

100k 



• The LM146 quad programmable op amp is especially suited for active filters because of their adequate GBW product 
and low power consumption. 

Circuit synthesis equations (for circuit analysis equations, consult with the LM148 data sheet). 

Need to know desired: f 0 = center frequency measured at the BP output 
Q 0 = quality factor measured at the BP output 
H 0 = gain at the output of interest (BP or HP or LP or all of them) 

• Relation between different gains: H 0 (bp) = 0.316 xQ 0 x H 0 (lp); H 0 (lp) = 10 x H 0 (hpj 

„ „ 5.033 X 10-2, % 

• R X C (sec) 


fo 


• For BP output: Rq 




.478 Q 0 - Hq(bp) Hq(bp) 


105 


105 x 3.748 X Q c 




;Rin = ■ 


/ 3.478 Q 0 \ 
V H 0 (BP) / 


— + 10-5 
RQ 


* For HP ouput: Rq = 


1.1 X 105 


3.478 Q 0 (1.1 - H o( hp)) ~ H 0 (hp)’ 


Rin = 


= l ~ l o(HP) 


• For LP output: Rq = 


11 X 105 


3.478 Q 0 (1 1 — H o(LP) ) — H o(L p ) ' 


R|N = 


RQ 

11 

h o(LP) 


+ 10-5 


RQ 


+ 10-5 


Note. All resistor values are given in ohms. 


* For BR (notch) output: Use the 4th amplifier of the LM146 to sum the LP and HP outputs of the basic filter. 



• Where to use amplifier C: Examine the above gain relations and determine the dynamics of the filter. Do not allow slew rate limiting in any output (Vhp, Vbp, 
V LP ), that is: 

VlN(peak) <63.66 X 103 x JSL x ^ (Volts) 

If necessary, use amplifier C, biased at higher Iset. where you get the largest output swing. 

Deviation from Theoretical Predictions: Due to the finite GBW products of the op amps the f 0 , Q 0 will be slightly different from the theoretical predictions. 


freal ~ ' 


'• Qreal s 


Qo 

3.2 f 0 X Q 0 
GBW 
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Active Filters Applications (Continued) 

A Simple-to-Design BP, LP Filter Building Block 



TL/H/5654-14 

• If resistive biasing is used to set the LM346 performance, the Q 0 of this filter building block is nearly insensitive to the op amp’s GBW product temperature drift; it 
has also better noise performance than the state variable filter. 

Circuit Synthesis Equations 


0.159 Rn 

Ho(BP) = QoH 0 (LP); R X C = — - — ; Rq = Q 0 X R; Rin = 

T o m o(BP) 

• For the eventual use of amplifier C, see comments on the previous page. 


R 

h o(LP) 


A 3-Amplifier Notch Filter (or Elliptic Filter Building Block) 


Circuit Synthesis Equations 

US 
fn 


„ ^ 0.159 ^ „ 0.159 X f 0 

r X C = — — ; R 0 = Q 0 X R; R, N = — 

■o 


h o(BR)I R 0 (BR)I n 

f<<f notch ^ IN f>>f notch ^ 

•For nothing but a notch output: R|n = R, C* = C. 


C' X f 2 notch 
C' 



5Vqut < BR i 


TL/H/5654-15 
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Active Filters Applications (Continued) 

Capacitorless Active Filters (Basic Circuit) 



TL/H/5654-16 


This is a BP, LP, BR filter. The filter characteristics are created by using the tunable frequency response of the LM346. 

63.66 X 1Q3 Iset(hA) (V) 


• Limitations: Q 0 < 10, f 0 X Q 0 < 1.5 MHz, output voltage should not exceed Vpeak(out) £ 
R2 R3 , R7 RIO 


_ . x . R6 + R5 

• Design equations: a = — — — , b = 


-, d = - 


R8 + R7’ R( + R10’ 
fo(BR) = f o(BP), (l ~ ^ — fo(BP) ( c < < 1) provided that d = H 0 (bp) x e, H 0 ( B r) = 5^2 


f 0 IOjuA 

f o(BP) = <4 H 0( bp) = a x c, H 0 ( LP ) = Q 0 = Va x b 


• Advantage: f 0 Q 0 , H 0 can be independently adjusted; that is, the filter is extremely easy to tune. 

• Tuning procedure (ex. BP tuning) 

1. Pick up a convenient value for b; (b < 1) 

2. Adjust Q 0 through R5 

3. Adjust H 0 (bp) through R4 

4. Adjust f 0 through Rset 

A 4th Order Butterworth Low Pass Capacitorless Filter 



Ex: f c = 20 kHz, H 0 (gain of the filter) = 1, Q 0 i = 0.541, Q o2 = 1.306. 

• Since for this filter the GBW product of all 4 amplifiers has been designed to be the same (~ 1 MHz) only one current source can be used to bias the circuit. Fine 
tuning can be further accomplished through Rb- 
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Miscellaneous Applications 


A Unity Gain Follower 
with Bias Current Reduction 


Circuit Shutdown 



For better performance, use a matched NPN pair. 


By pulling the SET pin(s) to V~ the op amp(s) shuts down and its output 
goes to a high impedance state. According to this property, the LM346 
can be used as a very low speed analog switch. 


Voice Activated Switch and Amplifier 


v + 



TL/H/5654-18 
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LM146/LM246/LM346 


Miscellaneous Applications (Continued) 


X10 Micropower Instrumentation Amplifier with Buffered Input Guarding 



2-370 







National 

Semiconductor 

Corporation 


LM148/LM149 Series Quad 741 Op Amp 

LM 1 48/LM248/LM348 Quad 741 Op Amps 
LM149/LM249/LM349 Wide Band Decompensated (Av (min) = 


General Description 

The LM148 series is a true quad 741. It consists of four 
independent, high gain, internally compensated, low power 
operational amplifiers which have been designed to provide 
functional characteristics identical to those of the familiar 
741 operational amplifier. In addition the total supply current 
for all four amplifiers is comparable to the supply current of 
a single 741 type op amp. Other features include input off- 
set currents and input bias current which are much less than 
those of a standard 741 . Also, excellent isolation between 
amplifiers has been achieved by independently biasing each 
amplifier and using layout techniques which minimize ther- 
mal coupling. The LM149 series has the same features as 
the LM148 plus a gain bandwidth product of 4 MHz at a gain 
of 5 or greater. 

The LM148 can be used anywhere multiple 741 or 1558 
type amplifiers are being used and in applications where 
amplifier matching or high packing density is required. 


5) 

Features 

sa 741 op amp operating characteristics 
m Low supply current drain 0.6 mA/Amplifier 

□ Class AB output stage — no crossover distortion 
s Pin compatible with the LM124 

m Low input offset voltage 1 mV 

3 Low input offset current 4 nA 

in Low input bias current 30 nA 

b Gain bandwidth product 

LM1 48 (unity gain) 1 .0 MHz 

LM149 (A v ^ 5) 4 MHz 

0 High degree of isolation between amplifiers 120 dB 
El Overload protection for inputs and outputs 


Schematic Diagram 



TL/H/7786-1 
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LM 1 48/LM 1 49/LM248/LM249/LM348/LM349 


Absolute Maximum Ratings 


If Military/ Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for 
availability and specifications. 

(Note 4) 



LM1 48/LM 149 

LM248/LM249 

LM348/LM349 

Supply Voltage 

+ 22V 

± 18V 

± 18V 

Differential Input Voltage 

±44V 

±36V 

±36V 

Output Short Circuit Duration (Note 1 ) 

Continuous 

Continuous 

Continuous 


Power Dissipation (P d at 25°C) and 
Thermal Resistance (0j A ), (Note 2) 


Molded DIP (N)P d ' 

— 

— 

750 mW 

0jA 

— 

— 

100°C/W 

Cavity DIP (J) P d 

1100 mW 

800 mW 

700 mW 

0JA 

110°C/W 

110°C/W 

110°C/W 

Maximum Junction Temperature (Tjmax) 

150°C 

110°C 

100°C 

Operating Temperature Range 

— 55°C <; T a ^ + 1 25°C 

— 25°C ^ T A <£ +85°C 

0°C ^ T A ^ + 70°C 

Storage Temperature Range 

— 65°C to + 150°C 

— 65°C to + 150°C 

— 65°C to + 1 50°C 

Lead Temperature (Soldering, 10 sec.) Ceramic 
Lead Temperature (Soldering, 10 sec.) Plastic 
Soldering Information 

Dual-In-Line Package 

300° C 

300°C 

300°C 

260°C 

Soldering (10 seconds) 

Small Outline Package 

260°C 

260°C 

260°C 

Vapor Phase (60 seconds) 

215°C 

215°C 

215°C 

Infrared (15 seconds) 

220°C 

220°C 

220°C 


See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount 
devices. 


ESD rating to be determined. 


Electrical Characteristics (Note3> 


Parameter 

Conditions 

LM1 48/LM 149 | 

LM248/LM249 

LM348/LM349 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 




Input Offset Voltage 

T a = 25°C, R s ^ 10 kH 


1.0 

5.0 


1.0 

6.0 


1.0 

6.0 

mV 

Input Offset Current 

T a = 25°C 


4 

25 


4 

50 


4 

50 

nA 

Input Bias Current 

T a = 25°C 


30 

100 


30 

200 


30 

200 

nA 

Input Resistance 

T a = 25°C 

0.8 

2.5 


0.8 

2.5 


0.8 

2.5 


MO 

Supply Current All Amplifiers 

T a = 25°C, V s = +15V 


2.4 

3.6 


2.4 

4.5 


2.4 

4.5 

mA 

Large Signal Voltage Gain 

T a = 25°C, V s = ±15V 
VoUT= ±10V,R L ^2kn 

50 

160 


25 

160 


25 

160 


V/mV 

Amplifier to Amplifier 

T a = 25°C, f = 1 Hz to 20 kHz 











Coupling 

(Input Referred) See Crosstalk 
Test Circuit 


-120 



-120 



-120 


dB 

Small Signal Bandwidth 

LM148 Series 


1.0 



1.0 



1.0 


MHz 


T a = 25°C 












LM149 Series 


4.0 



4.0 



4.0 


MHz 

Phase Margin 

LM148 Series (A v = 1) 

T a = 25°C 


60 



60 



60 


degrees 


LM149 Series (Ay = 5) 


60 



60 



60 


degrees 

Slew Rate 

LM148 Series (Ay = 1) 

T a = 25°C 


0.5 



0.5 



0.5 


V/ jjls 


LM149 Series (Ay = 5) 


2.0 



2.0 



2.0 


V//XS 

Output Short Circuit Current 

T a = 25°C 


25 



25 



25 



Input Offset Voltage 

Rs ^ 10 ka 






m 

HR 


IBi 


Input Offset Current 




e 



tn 

HR 




Input Bias Current 




| 325 



1 500 



| 400 

| nA 
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Electrical Characteristics (Note 3> (continued) 


Parameter 

Conditions 

LM148/LM149 

LM248/LM249 

LM348/LM349 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 




Large Signal Voltage Gain 

V s = +15V, V 0 UT = ± 10V, 

R L > 2 kfl 

25 



15 



15 



V/mV 

Output Voltage Swing 

V s = ± 1 5V, R L = 10 kH 

±12 

±13 


±12 

±13 


±12 

±13 


V 


R L = 2 kn 

±10 

±12 


±10 

±12 


±10 

±12 


V 

Input Voltage Range 

V s = ± 15V 

±12 



±12 



±12 



V 

Common-Mode Rejection 
Ratio 

R s ^ 10 kn 

70 

90 


70 

90 


70 

90 


dB 

Supply Voltage Rejection 

R s <; lOkft, ±5V ^ V s ^ ± 15V 

77 

96 


77 

96 


77 

96 


dB 


Note 1: Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted as the maximum junction 
temperature will be exceeded. 

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dicated by TjMAX. 0jA. and the ambient temperature, 
Ta- The maximum available power dissipation at any temperature is Pd = (TjMAX ~ Ta)/^a or the 25°C PdMAX. whichever is less. 

Note 3: These specifications apply for Vs = ±15V and over the absolute maximum operating temperature range (T|_ ^ Ta ^ Th) unless otherwise noted. 
Note 4: Refer to RETS 148X for LM148 military specifications. 


Cross Talk Test Circuit 



. 'OUT 

(10V PEAK) 


TL/H/7786-6 


Application Hints 

The LM148 series are quad low power 741 op amps. In the 
proliferation of quad op amps, these are the first to offer the 
convenience of familiar, easy to use operating characteris- 
tics of the 741 op amp. In those applications where 741 op 
amps have been employed, the LM148 series op amps can 
be employed directly with no change in circuit performance. 
The LM149 series has the same characteristics as the 
LM148 except it has been decompensated to provide a 
wider bandwidth. As a result the part requires a minimum 
gain of 5. 

The package pin-outs are such that the inverting input of 
each amplifier is adjacent to its output. In addition, the am- 
plifier outputs are located in the corners of the package 
which simplifies PC board layout and minimizes package 
related capacitive coupling between amplifiers. 

The input characteristics of these amplifiers allow differen- 
tial input voltages which can exceed the supply voltages. In 
addition, if either of the input voltages is within the operating 
common-mode range, the phase of the output remains cor- 
rect. If the negative limit of the operating common-mode 
range is exceeded at both inputs, the output voltage will be 
positive. For input voltages which greatly exceed the maxi- 
mum supply voltages, either differentially or common-mode, 
resistors should be placed in series with the inputs to limit 
the current. 

Like the LM741, these amplifiers can easily drive a 100 pF 
capacitive load throughout the entire dynamic output volt- 
age and current range. However, if very large capacitive 
loads must be driven by a non-inverting unity gain amplifier, 
a resistor should be placed between the output (and feed- 



V s = ± 15V 


back connection) and the capacitance to reduce the phase 
shift resulting from the capacitive loading. 

The output current of each amplifier in the package is limit- 
ed. Short circuits from an output to either ground or the 
power supplies will not destroy the unit. However, if multiple 
output shorts occur simultaneously, the time duration should 
be short to prevent the unit from being destroyed as a result 
of excessive power dissipation in the 1C chip. 

As with most amplifiers, care should be taken lead dress, 
component placement and supply decoupling in order to 
ensure stability. For example, resistors from the output to an 
input should be placed with the body close to the input to 
minimize “pickup” and maximize the frequency of the feed- 
back pole which capacitance from the input to ground cre- 
ates. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately six 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 
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PHASE (DEGREES) 






Typical Performance Characteristics (Continued) 


Small Signal Pulse 
Response (LM148) 
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Small Signal Pulse 
Response (LM149) 



TIME {(is) 


Undistorted Output 
Voltage Swing 



FREQUENCY (Hr) 


Gain Bandwidth 



-55 -35 -15 5 25 45 65 D5 105 125 
TEMPERATURE (°C) 



-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Inverting Large Signal Pulse 
Response (LM149) 



TIME (ms) 


Inverting Large Signal Pulse 
Response (LM148) 



TIME Ous) 


Input Noise Voltage and 
Noise Current 


| 

ID 

a 


■ 

1 

1 

mu 

i 


i 

I 

HR 

■ 

1 

1 

iiiii 




B 

S 

m 

1 

1 

1 

■ 

i 



■ 

1 



1 

1 

iiiii 

i 



■ 

1 


i 

2 

i 

s 

IB 

a 



m 

fii 

ra 

■ 

1 


■ BilllMH 

■ ■IIIIIMMI 

■■iiiii 

Il 

imicm 

m 

mm- 

SXIII 


1 

II 

inn 

i 

i 

iii 

mi 

1 

iiiii 


1 

II 

in 

i 

i 

hi 

■ 

1 

min 


1.6 


0.8 

0.6 

0.4 

0.2 

0 


10 100 Ik 10k 

FREQUENCY (Hr) 


Negative Common-Mode Input 
Voltage Limit 



-5 -10 -15 -20 


Positive Common-Mode 
Input Voltage Limit 



5 10 15 20 

POSITIVE SUPPLY VOLTAGE (V) 

TL/H/7786-4 


NEGATIVE SUPPLY VOLTS (V) 

TL/H/7786-5 
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Typical Applications — LM148 

One Decade Low Distortion Sinewave Generator 

R3 



R1 = 100k pot. Cl = 0.0047 juF, C2 = 0.01 ju.F, C3 = 0.1 jxF, R2 = R6 = R7 = 1M, 

R3 = 5.1k, R4 = 12ft, R5 = 240ft, Q = NS5102, D1 = 1N914, D2 = 3.6V avalanche 
diode (ex. LM103), V s = ±15V 

A simpler version with some distortion degradation at high frequencies can be made by using A1 as a 
simple inverting amplifier, and by putting back to back zeners in the feedback loop of A3. 


Low Cost Instrumentation Amplifier 



V s = ±15V 

R = R2, trim R2 to boost CMRR 


TL/H/7786-8 
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Typical Applications — LM148 (Continued) 

Low Drift Peak Detector with Bias Current Compensation 

20k 



Universal State-Space Filter 


R5 

100k 


-VSAA- 


R2 

vV'A- 


Rh 

-WSA- 


Tune Q through RO, 

For predictable results: fo Q ^ 4 X 1 04 
Use Band Pass output to tune for Q 


Vbr 




^!2L = ^il iD ( S) = S2 + ^2H 

V|N(s) D (s) Q 


NhP(s) = S 2 HqhP. Nbp(s) = 


-Scop Hqbp 
Q 


N L p = ct> 0 2 H OLP- 


1 /R6 PT _ _ ( 1 +R4|R3 + R4|R0 ^ /R6ti\V 

5 2tt VR5Vt1t2’ t ' 1 " V 1 + R6|R5 / VR5t 2 / 


, __L/_Rh_V /2 U 1 + R6lR5 

N0TCH 27rVRLtit 2 J ’ 0HP 1 + R3|R0 + R3|R4 
1 + R5|R6 


Hqbp : 


1 + R4|R3 + R4[R0 
’ 1 + R3|R0 + R3|R4 


Rolp 


1 + R3|R0 + R3|R4 


TL/H/7786-1 1 


CD 


ro 

CO 


to 

CD 


CO 

00 


GO 

CD 


2-377 









LM 1 48/LM 1 49/LM248/LM249/LM348/LM349 


Typical Applications — LM148 (Continued) 

A 1 kHz 4 Pole Butterworth 



Use general equations, and tune each section separately 
QlstSECTION = 0.541, Q2ndSECTION = 1-306 
The response should have 0 dB peaking 


A 3 Amplifier Bi-Quad Notch Filter 


TL/H/7786-12 


Q = 



Necessary condition for notch: = r-^r 
R6 R4R7 

Ex: fNOTCH = 3 kHz, Q = 5, R1 = 270k, R2 = R3 = 20k, R4 = 27k, R5 = 20k, R6 = R8 = 10k, R7 = 100k, Cl = C2 = 0.001 pF 
Better noise performance than the state-space approach. 
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Typical Applications — LM148 (Continued) 


A 4th Order 1 kHz Elliptic Filter (4 Poles, 4 Zeros) 



TL/H/7786-14 


f c = 1 kHz, f s = 2 kHz, f p = 0.543, f z = 2.14, Q = 0.841, f' P = 0.987, f' z = 4.92, Q' = 4.403, normalized to ripple BW 
_ _1_ /R6 1 . _J_ fin 1 _ / I + R4[R3 + R4|R0 \ /R6 /FV6 1 + R^R'O 

P ” 2tt Vr 5 X t’ fz ” 2 ttVRl X t ’ \ 1 + R6|R5 ) X \R5’ ~ V R5 1 + R'6|R'5 + R'6|R P 


R P = 


r hRl 
Rh + r L 


Use the BP outputs to tune Q, Q\ tune the 2 sections separately 

R1 = R2 = 92.6k, R3 = R4 = R5 = 100k, R6 = 10k, R0 = 107.8k, R l = 100k, R H = 155.1k, 

R'l == R'2 = 50.9k, R'4 = R'5 = 100k, R'6 = 10k, R'0 = 5.78k, R' L = 100k, R' H = 248.12k, R'f = 100k. All capacitors are 0.001 jliF. 


Lowpass Response 



100 Ik 10k 100k 

FREQUENCY (Hz) 


TL/H/7786-15 
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Typical Applications — LM149 


Minimum Gain to Insure LM149 Stability 



V 0 = ±5 V 0S 

Vin = 0 

Power BW = 40 kHz 
Small Signal BW = G BW/5 


The LM149 as a Unity Gain Inverter 



v 0 


= ±5 Vqs 


|V| N = 0 

Small Signal BW = G BW/5 


Non-inverting-lntegrator Bandpass Filter 

R 



fo = ; 


/R5 1 Rq 

J R6 X RC ’ R ^ 


_Rq 

's- H obp -^ 


For stability purposes: R7 = R6/4, 10R6 = R5, Co = 10C 

J_ 

2rr ^ 

^O(MAX). QMAX = 20 kHz, 10 

Better Q sensitivity with respect to open loop gain variations than the state variable filter. 
R7, Co added for compensation 


TL/H/7786-18 
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Typical Applications — LM149 (Continued) 


Active Tone Control with Full Output Swing (No Slew Limiting at 20 kHz) 



TL/H/7786-19 


V S = ±15V, VouT(MAX) = 9-1 Vrms. 
f MA x = 20 kHz, THD £ 1 % 

Duplicate the above circuit for stereo 
1 , 1 


fH 


1 


. f HB = 


1 


*L = 


2ttR2C1 


f LB = 


2ttR1C1 


2ttR 5C3 ’ na 2 tt(R 1 + 2R7) C3 
Max Bass Gain = (R1 + R2)/R1 
Max Treble Gain = (R1 + 2R7)/R5 
as shown: fL. = 32 Hz, fi_e = 320 Hz 
f H = 11 kHz, f HB = 1.1 Hz 


Triangular Squarewave Generator 

ci 

O.OOIaiF 



K = R2/R ' 2 ’ ^ S25V ’ v+ = xr ’ vs= ±isv 

Use LM125 for ±15V supply 

The circuit can be used as a low frequency V/F for process control. 
Q1, Q3: KE4393, Q2, Q4: P1087E, D1-D4 = 1N914 


_n_n_ 


TL/H/7786-20 
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Connection Diagram 

Dual-ln-Line Package 


OUT 4 IN 4 IN 4* V- IN 3’ IN 3 OUT 3 



Top View 

Order Number LM148J, LM248J, LM348J, LM149J, LM249J, LM349J, LM348M, LM348N or LM349N 
See NS Package Number J14A, M14A or N14A 
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LM158/LM258/LM358/LM158A/LM258A/LM358A/LM2904 



National 

Semiconductor 

Corporation 


LM158/LM258/LM358, LM158A/LM258A/LM358A, 
LM2904 Low Power Dual Operational Amplifiers 


General Description 

The LM158 series consists of two independent, high gain, 
internally frequency compensated operational amplifiers 
which were designed specifically to operate from a single 
power supply over a wide range of voltages. Operation from 
split power supplies is also possible and the low power sup- 
ply current drain is independent of the magnitude of the 
power supply voltage. 

Application areas include transducer amplifiers, dc gain 
blocks and all the conventional op amp circuits which now 
can be more easily implemented in single power supply sys- 
tems. For example, the LM1 58 series can be directly operat- 
ed off of the standard + 5 Vqc power supply voltage which 
is used in digital systems and will easily provide the required 
interface electronics without requiring the additional ±15 
Vqc power supplies. 

Unique Characteristics 

■ In the linear mode the input common-mode voltage 
range includes ground and the output voltage can also 
swing to ground, even though operated from only a sin- 
gle power supply voltage. 

■ The unity gain cross frequency is temperature 
compensated. 

■ The input bias current is also temperature 
compensated. 

Advantages 

■ Eliminates need for dual supplies 

■ Two internally compensated op amps in a single 
package 


■ Allows directly sensing near GND and Vqut also goes 
to GND 

■ Compatible with all forms of logic 

■ Power drain suitable for battery operation 

■ Pin-out same as LM1558/LM1458 dual operational 
amplifier 

Features 

■ Internally frequency compensated for unity gain 

■ Large dc voltage gain 100 dB 

■ Wide bandwidth (unity gain) 1 MHz 

(temperature compensated) 

■ Wide power supply range: 

Single supply 3 Vqc to 32 Vqc 

or dual supplies ±1.5 Vqc to ±16 Vqc 

■ Very low supply current drain (500 jaA) — essentially in- 
dependent of supply voltage (1 mW/op amp at 
+ 5 Vdc) 

■ Low input biasing current 45 nApc 

(temperature compensated) 

■ Low input offset voltage 2 mVoc 

and offset current 5 nApc 

■ Input common-mode voltage range includes ground 

■ Differential input voltage range equal to the power sup- 
ply voltage 

■ Large output voltage swing 0 Vdc to V+ - 1.5 Vqc 


Connection Diagrams (Top Views) 


Metal Can Package 


v + 



TL/H/7787-1 


Order Number LM158AH, LM158H, LM258AH, 
LM258H, LM358AH or LM358H 
See NS Package Number H08C 



TL/H/7787-2 

Order Number LM158J, LM158AJ or LM358J 
See NS Package Number J08A 
Order Number LM358M, LM358AM or LM2904M 
See NS Package Number M08A 
Order Number LM358AN, LM358N or LM2904N 
See NS Package Number N08E 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for availability and specifications. 
(Note 9) 



LM158/LM258/LM358 

LM2904 


LM158/LM258/LM358 

LM2904 


LM 1 58A/LM258A/LM358A 

LM158A/LM258A/LM358A 

Supply Voltage, V+ 

32 V DC or ±16 V DC 

26 V DC or ±13V DC 

Operating Temperature Range 



Differential Input Voltage 

32 Vdc 

26 v DC 

LM358 

0°C to ±70°C 

— 40°C to + 85°C 

Input Voltage 

- 0.3 Vdc to + 32 Vdc 

-0.3 Vdc to +26 Vdc 

LM258 

LM158 

— 25°C to +85°C 

— 55°C to +125°C 


Power Dissipation (Note 1) 
Molded DIP (LM358N) 

830 mW 

830 mW 

Storage Temperature Range 

— 65°C to + 150°C 

-65°C to + 150°C 

Metal Can (LM158H/ 



Lead Temperature 



LM258H/LM358H) 

550 mW 


(Soldering, 10 seconds) DIP 

260°C 

260°C 

Small Outline Package 

530 mW 

530 mW 

ESD rating to be determined. 



Output Short-Circuit to GND 



Lead Temperature 



(One Amplifier) (Note 2) 



(Soldering, 10 seconds) 

300°C 

300°C 

V+ ^ 15 V DC and T a = 25°C 

Continuous 

Continuous 

Soldering Information 



Input Current (Vin < -0.3 V DC ) 



Dual-In-Line Package 



(Note 3) 

50 mA 

50 mA 

Soldering (10 seconds) 
Small Outline Package 

260°C 

260°C 




Vapor Phase (60 seconds) 

215°C 

215°C 




Infrared (15 seconds) 

220°C 

220°C 




See AN-450 “Surface Mounting 

Methods and Their Effect on Product 


Reliability” for other methods of soldering surface mount devices. 


Electrical Characteristics V+ = +5.0 Vdc. Ta = 25°C, unless otherwise stated 


Parameter 

Conditions 

LM158A 

LM258A 

LM358A 

LM158/LM258 

LM358 

LM2904 

Units 

Min Typ 

Max 

Min Typ 

Max 

Min Typ 

Max 

Min Typ 

Max 

Min Typ 

Max 

Min Typ 

Max 

Input Offset Voltage 

(Note 5) 

±1 

±2 

±1 

±3 

±2 

±3 

±2 

±5 

±2 

±7 

±2 

±7 

mVDC 

Input Bias Current 

•|N( + ) Or l|N(— )» 

Vcm = 0V, (Note 6) 

20 

50 

40 

80 

45 

100 

45 

150 

45 

250 

45 

250 

nAoc 

Input Offset Current 

hN(+) ~ *in(— )> Vcm = 0V 

±2 

±10 

±2 

±15 

±5 

±30 

±3 

±30 

±5 

±50 

±5 

±50 

nAoc 

Input Common-Mode 
Voltage Range 

V+ = 30 V DC , (Note 7) 
(LM2904, V+ = 26 V) 

0 

V+-1.5 

0 

V+-1.5 

0 

V+- 1.5 

0 

V+-1.5 

0 

V+- 1.5 

0 

V+-1.5 

Vdc 

Supply Current 

R l = oo, v+ = 30V 
(LM2904V+ = 26V) 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

mAoc 


r l = °° on all Op Amps 

Over Full Temperature Range 

0.7 

1.2 

0.7 

1.2 

0.7 

1.2 

0.7 

1.2 

0.7 

1.2 

0.7 

1.2 

mA D c 
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LM158/LM258/LM358/LM158A/LM258A/LM358A/LM2904 


Electrical Characteristics (Continued) V + = +5.0 Vqc. Note 4, unless otherwise stated 


Parameter 

Conditions 

LM158A 

LM258A 

LM358A 

LM158/LM258 

LM358 

LM2904 

Units 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Large Signal Voltage 
Gain 

V+ = 15 V DC 

Rj_ ^ 2 kfl, (For Vq = 1 Vdq 
to 1 1 Vqc) 

50 100 

50 100 

25 100 

50 100 

25 100 

25 100 

V/mV 

Common-Mode 
Rejection Ratio 

DC, 

V CM = 0V to V + —1.5 V DC 

70 85 

70 85 

65 85 

70 85 

65 70 

50 70 

dB 

Power Supply 

Rejection Ratio 

DC,V + = 5V DC to30V DC 
(LM2904, V+ = 5 V DC 
to 26 V DC ), T A = 25°C 

65 100 

65 100 

65 100 

65 100 

65 100 

50 100 

dB 

Amplifier-to-Amplifier 

Coupling 

f = 1 kHz to 20 kHz, T A = 25°C 
(Input Referred), (Note 8) 

-120 

-120 

-120 

-120 

-120 

-120 

dB 

Output Current 

Source 

V| N + = 1 V DC , 

V| N “ = 0V DC , 

V+ = 15 V DC , 

V 0 = 2V DC) T a = 25°C 

20 40 

20 40 

20 40 

20 40 

20 40 

20 40 

itiAdg 

Sink 

V| N ~ = 1 V DC> V| N + = 0 V DC 
V+ = 15 V DC , T A = 25°C, 

V 0 = 2 V DC 

10 20 

10 20 

10 20 

10 20 

10 20 

10 20 

mApc 

V| N ~ = 1 V DC , 

V| N + = 0 V DC 

T a = 25°C, V 0 = 200 mV DC , 

V+ = 15 V DC 

12 50 

12 50 

12 50 

12 50 

12 50 

12 50 


Short Circuit to Ground 

T a = 25°C, (Note 2), 

V+ = 15V DC 

40 60 

40 60 

40 60 

40 60 

40 60 

40 60 


Input Offset Voltage 

(Note 5) 

±4 

±4 

±5 

±7 

±9 

±10 

mVpc 

Input Offset Voltage 
Drift 

Rs = on 

7 15 

7 15 

7 20 

7 

7 

I 


Input Offset Current 

•lN( + ) ~ l|N(— ) 

±30 

±30 

±75 

±100 

±150 

±45 ±200 

nApc 

Input Offset Current 
Drift 

Rs = on 

10 200 

10 200 

10 300 

10 


10 

pA DC /°C 

Input Bias Current 

l|N(+)°r l|N(— ) 

40 100 

40 100 

40 200 

40 300 

40 500 

40 500 

nApc 
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Electrical Characteristics (Continued) V + = +5.0 Vdc. Note 4, unless otherwise stated 


Parameter 

Conditions 

LM158A 

LM258A 

LM358A 

LM158/LM258 

LM358 

LM2904 

Units 

Min 

CL 

£ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Common-Mode 
Voltage Range 

V+ = 30 V DC , (Note 7) 

(LM2904, V+ = 26 V DC ) 

0 


V+-2 

0 


V+— 2 

0 


V+-2 

0 


CM 

1 

+ 

> 

0 


V+-2 

0 


CM 

1 

+ 

> 

Vdc 

Large Signal Voltage 

v+ = +15 V DC 




















Gain 

(Vo= 1 v DC to 11 V DC ) 
R L ^2kO 

25 



25 



15 



25 



15 



15 



V/mV 

Output Voltage Swing 





















Voh 

V+ = +30 V DC , R|_ = 2 kn 

26 



26 



26 



26 



26 



22 



Vdc 


r l ;> io kn 

(LM2904, V+ = 26V dc ) 

27 

28 


27 

28 


27 

28 


27 

28 


27 

28 


23 

24 


Vdc 

Vol 

V+ = 5 V DC , R|_ ^ 10kft 


5 

20 


5 

20 


5 

20 


5 

20 


5 

20 


5 

100 

itiVdc 

Output Current 

V 0 = 2 V DC 




















Source 

V| N + = +1 V DC , V| N - = 0V DC> 
V+ = 15 V DC 

10 

20 


10 

20 


10 

20 


10 

20 


10 

20 


10 

20 


mAoc 

Sink 

Vin~ = + i Vdc. Vin + =o v DC , 
v+ = 15 v DC 

10 

15 


5 

8 


5 

8 


5 

8 


5 

8 


5 

8 


mApc 


Note 1: For operating at high temperatures, the LM358/LM358A, LM2904 must be derated based on a + 125°C maximum junction temperature and a thermal resistance of 120°C/W which applies for the device soldered in a printed 
circuit board, operating in a still air ambient. The LM258/LM258A and LM158/LM158A can be derated based on a + 150°C maximum junction temperature. The dissipation is the total of both amplifiers— use external resistors, where 
possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit. 

Note 2: Short circuits from the output to V+ can cause excessive heating and eventual destruction. When considering short cirucits to ground, the maximum output current is approximately 40 mA independent of the magnitude of 
V+. At values of supply voltage in excess of + 15 Vdc. continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers. 
Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby acting as input diode 
clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the op amps to go to the V+ voltage level (or to ground for a large 
overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value greater than -0.3 Vdc (at 25°C). 
Note 4: These specifications are limited to -55°C ^ T A ^ +125°C for the LM158/LM158A. With the LM258/LM258A, all temperature specifications are limited to -25°C ^ T A £ + 85°C, the LM358/LM358A temperature 
specifications are limited to 0°C ^ T A ^ +70°C, and the LM2904 specifications are limited to -40°C £ T A £ +85°C. 

Note 5: Vo = 1.4 V D c. Rs = Oft with V+ from 5 Vdc to 30 V D c; and over the full input common-mode range (0 V DC to V+ -1.5 Vdc) at 25°C. For LM2904, V+ from 5 Vdc to 26 V D c- 

Note 6: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the input lines. 

Note 7: The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3V (at 25°C). The upper end of the common-mode voltage range is V+ -1.5V (at 25°C), but either or both 
inputs can go to +32 Vdc without damage (+26 Vdc f° r LM2904), independent of the magnitude of V+. 

Note 8: Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be detected as this type of capacitance increases at higher frequencies. 
Note 9: Refer to RETS158AX for LM158A military specifications and to RETS158X for LM158 military specifications. 


fO 
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I 0 + - OUTPUT SOURCE CURRENT (mAoc) 


0.001 0.01 0.1 1 10 100 
l 0 -OUTPUT SINK CURRENT (mA 0C ) 


-55 - 35-15 5 25 45 65 85 105 125 
T a - TEMPERATURE PC) 
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Typical Performance Characteristics (continued) (LM2902 only) 



0 10 20 30 

V + - SUPPLY VOLTAGE (V oc ) 


Voltage Gain 











R 

= 20tf 


> 



Ri 

| 
































0 10 20 30 

V + -SUPPLY VOLTAGE (V DC ) 


TL/H/7787-5 


Application Hints 

The LM158 series are op amps which operate with only a 
single power supply voltage, have true-differential inputs, 
and remain in the linear mode with an input common-mode 
voltage of 0 Vdc- These amplifiers operate over a wide 
range of power supply voltage with little change in perform- 
ance characteristics. At 25°C amplifier operation is possible 
down to a minimum supply voltage of 2.3 Vdc- 
Precautions should be taken to insure that the power supply 
for the integrated circuit never becomes reversed in polarity 
or that the unit is not inadvertently installed backwards in a 
test socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Large differential input voltages can be easily accomodated 
and, as input differential voltage protection diodes are not 
needed, no large input currents result from large differential 
input voltages. The differential input voltage may be larger 
than V + without damaging the device. Protection should be 
provided to prevent the input voltages from going negative 
more than -0.3 Vdc (at 25°C). An input clamp diode with a 
resistor to the 1C input terminal can be used. 

To reduce the power supply current drain, the amplifiers 
have a class A output stage for small signal levels which 
converts to class B in a large signal mode. This allows the 
amplifiers to both source and sink large output currents. 
Therefore both NPN and PNP external current boost tran- 
sistors can be used to extend the power capability of the 
basic amplifiers. The output voltage needs to raise approxi- 
mately 1 diode drop above ground to bias the on-chip verti- 
cal PNP transistor for output current sinking applications. 
For ac applications, where the load is capacitively coupled 
to the output of the amplifier, a resistor should be used, from 
the output of the amplifier to ground to increase the class A 
bias current and prevent crossover distortion. Where the 
load is directly coupled, as in dc applications, there is no 
crossover distortion. 


Capacitive loads which are applied directly to the output of 
the amplifier reduce the loop stability margin. Values of 50 
pF can be accomodated using the worst-case non-inverting 
unity gain connection. Large closed loop gains or resistive 
isolation should be used if larger load capacitance must be 
driven by the amplifier. 

The bias network of the LM158 establishes a drain current 
which is independent of the magnitude of the power supply 
voltage over the range of 3 Vdc to 30 Vdc- 
Output short circuits either to ground or to the positive pow- 
er supply should be of short time duration. Units can be 
destroyed, not as a result of the short circuit current causing 
metal fusing, but rather due to the large increase in 1C chip 
dissipation which will cause eventual failure due to exces- 
sive function temperatures. Putting direct short-circuits on 
more than one amplifier at a time will increase the total 1C 
power dissipation to destructive levels, if not properly pro- 
tected with external dissipation limiting resistors in series 
with the output leads of the amplifiers. The larger value of 
output source current which is available at 25°C provides a 
larger output current capability at elevated temperatures 
(see typical performance characteristics) than a standard 1C 
op amp. 

The circuits presented in the section on typical applications 
emphasize operation on only a single power supply voltage. 
If complementary power supplies are available, all of the 
standard op amp circuits can be used. In general, introduc- 
ing a pseudo-ground (a bias voltage reference of V+/2) will 
allow operation above and below this value in single power 
supply systems. Many application circuits are shown which 
take advantage of the wide input common-mode voltage 
range which includes ground. In most cases, input biasing is 
not required and input voltages which range to ground can 
easily be accommodated. 
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LM 1 58/LM258/LM358/LM 1 58A/LM258A/LM358A/LM2904 


Typical Single-Supply Applications (v+ = 5.0 v DC ) 


Non-Inverting DC Gain (OV Input = OV Output) 



DC Summing Amplifier 
(V| N > S ^ 0 V DC and V 0 0 V DC ) 



TL/H/7787-7 


Power Amplifier 


R 

100k 



100k TL/H/7787-8 

Where: V Q = Vt + V 2 + V 3 + V 4 

(V! + V 2 ) ;> (V 3 + V 4 ) to keep Vq > 0 V DC 


R1 

910k 



“BI-QUAD” RC Active Bandpass Filter 


R1 

100k 
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Typical Single-Supply Applications <v+ = 5.0 v DC ) (continued) 


Squarewave Oscillator 


R1 

100k 



Vo 

LTLTL 


TL/H/7787-18 


Pulse Generator 



Low Drift Peak Detector 



TL/H/7787-20 


High Compliance Current Sink Comparator with Hysteresis 
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Typical Single-Supply Applications <v+ = 5.0 v DC > (continued) 

High Input Z, DC Differential Amplifier 

R2 

100k 



>V 0 


TL/H/7787-29 


As Shown: Vq = 2 (V 2 - V-|) 


Photo Voltaic-Cell Amplifier 


Bridge Current Amplifier 


R, 

1M 


+V REF 




High Input Z Adjustable-Gain 
DC Instrumentation Amplifier 


R1 

100k 



Vo = 1 + ^ <V 2 - V,) 
As shown V 0 = 101 (V 2 - V-|) 
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National 

Semiconductor 

Corporation 


LM192/LM392, LM2924 Low Power Operational 
Amplifier/Voitage Comparator 


General Description 

The LM192 series consists of 2 independent building block 
circuits. One is a high gain, internally frequency compensat- 
ed operational amplifier, and the other is a precision voltage 
comparator. Both the operational amplifier and the voltage 
comparator have been specifically designed to operate from 
a single power supply over a wide range of voltages. Both 
circuits have input stages which will common-mode input 
down to ground when operating from a single power supply. 
Operation from split power supplies is also possible and the 
low power supply current is independent of the magnitude 
of the supply voltage. 

Application areas include transducer amplifier with pulse 
shaper, DC gain block with level detector, VCO, as well as 
all conventional operational amplifier or voltage comparator 
circuits. Both circuits can be operated directly from the stan- 
dard 5 Vpc power supply voltage used in digital systems, 
and the output of the comparator will interface directly with 
either TTL or CMOS logic. In addition, the low power drain 
makes the LM192 extremely useful in the design of portable 
equipment. 

Advantages 

13 Eliminates need for dual power supplies 
m An internally compensated op amp and a precision 
comparator in the same package 
a Allows sensing at or near ground 
m Power drain suitable for battery operation 
m Pin-out is the same as both the LM158 dual op amp 
and the LM193 dual comparator 


Features 

□ Wide power supply voltage range 

Single supply 3Vto32V 

Dual supply ± 1 .5V to ±1 6V 

m Low supply current drain— essentially independent of 
supply voltage 600 jaA 

□ Low input biasing current 50 nA 

0 Low input offset voltage 2 mV 

□ Low input offset current 5 nA 

□ Input common-mode voltage range includes ground 

ei Differential input voltage range equal to the power sup- 
ply voltage 

ADDITIONAL OP AMP FEATURES 

□ Internally frequency compensated for unity gain 

□ Large DC voltage gain 100 dB 

□ Wide bandwidth (unity gain) 1 MHz 

m Large output voltage swing 0VtoV+ - 1.5V 

ADDITIONAL COMPARATOR FEATURES 

□ Low output saturation voltage 250 mV at 4 mA 

□ Output voltage compatible with all types of logic sys- 
tems 


Connection Diagram (Top View) 


(Amplifier A = Comparator) 
(Amplifier B = Operational Amplifier) 


DuaMn-Line Package 



v + 


OUTPUT B 
(OP AMP) 


INVERTING INPUT B 


NON-INVERTING 
INPUT B 


Order Number LM192J or LM2924J 
See NS Package Number J08A 
Order Number LM392M 
See NS Package Number M08A 
Order Number LM392N or LM2924N 
See NS Package Number N08E 


TL/H/7793-1 
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LM 1 92/LM392/LM2924 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for 
availability and specifications. 

LM192/LM392 LM2924 

Supply Voltage, V+ 32V or ± 1 6V 26V or ± 1 3V 

Differential Input Voltage 32V 26V 

Input Voltage -0.3V to +32V -0.3V to +26V 

Power Dissipation (Note 1 ) 

Molded DIP (LM392N, LM2924N) 820 mW 820 mW 

Metal Can (LM1 92H/LM392H) 680 mW 

Small Outline Package 530 mW 530 mW 

Output Short-Circuit to Ground (Note 2) Continuous Continuous 

Input Current (Vin < -0.3 Vdc) (Note 3) 50 mA 50 mA 

Operating Temperature Range 

LM392 0°C to + 70°C -40°C to + 85°C 

LM192 — 55°C to + 125°C 

Storage T emperature Range - 65°C to + 1 50°C - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10 seconds) 260°C 260°C 

ESD rating to be determined. 

Soldering Information 

Dual-in-Line Package 

Soldering (10 seconds) 260°C 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 21 5°C 21 5°C 

Infrared (15 seconds) 220°C 220°C 

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering 
surface mount devices. 

Electrical Characteristics (V+ = 5 Vdc; specifications apply to both amplifiers unless otherwise stated) 
(Note 4) 


Parameter 

Conditions 

LM192 

LM392 

LM2924 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

T a = 25°C, (Note 5) 


±2 

±5 


±2 

±5 


±2 

±7 


Input Bias Current 

IN(+)orlN(— ),T a = 25°C, 
(Note 6), V C m = 0V 


50 

150 


50 

250 


50 

250 

nA 

Input Offset Current 

IN(+) - IN(-),T a = 25°C 


±3 

±25 


±5 

±50 


±5 

±50 

nA 

Input Common-Mode Voltage 
Range 

V+ = 30 V DC , T a = 25°C, 
(Note 7) (LM2924, 
v+ = 26 V DC ) 

0 


V+-1.5 

0 


V+-1.5 

0 


V+-1.5 

V 

Supply Current 

R l = oo, v+ = 30V, 
(LM2924, V+ = 26V) 


1 

2 


1 

2 


1 

2 

1 

Supply Current 

R l = oo, V+ = 5V 


0.5 

1 


0.5 

1 


0.5 

1 

mA 

Amplifier-to-Amplifier Coupling 

f = 1 kHz to 20 kHz, 

T a = 25°C, Input Referred, 
(Note 8) 


-100 



-100 



-100 


dB 

Input Offset Voltage 

(Note 5) 



±7 



±7 



±10 


Input Bias Current 

IN( + ) or IN(— ) 



300 



400 



500 

■ 

Input Offset Current 

IN( + ) - IN(-) 



100 



150 



200 

nA 

Input Common-Mode Voltage 
Range 

V+ = 30 V DC , (Note 7) 
(LM2924.V+ = 26 V DC ) 

0 






0 



V 

Differential Input Voltage 

Keep All Vin’s ^ 0 Vdc 
( or V-, if Used), (Note 9) 



32 



32 




V 

OP AMP ONLY 1 

Large Signal Voltage Gain 

V+ = 15 Vdc. V 0 swing = 

1 Vdc t0 1 1 Vdc. 

R l = 2 ka, T a = 25°C 










V/mV 
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Electrical Characteristics (V+ = 5 Vdc; specifications apply to both amplifiers unless otherwise stated) 

(Note 4) (Continued) 

Parameter 

Conditions 

LM192 

LM392 

LM2924 

Units 

Min 

Typl Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

OP AMP ONLY I 

Output Voltage Swing 

R L = 2 kn, T a = 25°C, 
(LM2924, R L ;> 10kn) 

0 


V+-1.5 

0 


V+-1.5 

0 


V+-1.5 

V 

Common-Mode Rejection 
Ratio 

DC,T a = 25“C,V C m = 
o V DC to V+ — 1.5 V DC 

70 

85 


65 

70 


50 

70 


dB 

Power Supply Rejection Ratio 

DC, T a = 25°C 

65 

100 


65 

100 


50 

100 


dB 

Output Current Source 

V IN( + ) = 1 V DC. 

Vin(-) = o v DC , 

v+ = 15 V DC , V 0 = 
2V D c,T A = 25°C 

20 

40 


20 

40 


20 

40 


mA 

Output Current Sink 

V IN(-) = 1 V DC> 

Vin(+) = o v D c, 
v+ = 15 V DC , V 0 = 
2V DC ,T A = 25°C 

10 

20 


10 

20 


10 

20 


mA 

Vin(-) = i Vdc. 

V|N(+) = 0 V DC , 

V+ = 15 V DC , v 0 = 

200 mV, T a = 25°C 

12 

50 


12 

50 


12 

50 


juA 

Input Offset Voltage Drift 

Rs = on 


7 



7 



7 


jLlV/°C 

Input Offset Current Drift 

Rs = on 


10 



10 



10 


PAdc/°C 

COMPARATOR ONLY j 

Voltage Gain 

r l ;> i5kn,v+ = 15 v D c, 
T a = 25°C 

50 

200 


50 

200 


25 

100 


V/mV 

Large Signal Response Time 

V|n = TTL Logic Swing, 
Vref = 1-4 v D c 

Vrl = 5Vdc, Rl= 5.1 kn, 
T a = 25°C 


300 



300 



300 


ns 

Response Time 

Vrl = 5 Vdc, Rl = 5.1 kn, 
T a = 25°C, (Note 10) 


1.3 



1.3 



1.5 


JLLS 

Output Sink Current 

Vin(— ) = i Vdc, 

V|N(+) = o v DC , 

V 0 ^ 1.5 V DC , T A = 25°C 

6 

16 


6 

16 


6 

16 


mA 

Saturation Voltage 

Vin(— ) ^ i Vdc, 

V|N(+) = 0, 

Isink ^ 4 mA, T a = 25°C 


250 

400 


250 

400 



400 

mV 

Vin(— ) ^ i Vdc, 

V|N( + ) = 0, 

Isink ^ 4 mA 



700 



700 



700 

mV 

Output Leakage Current 

V| N (— ) = 0, 

V|N(+) ^ 1 V D c. 
v 0 = 5 V DC , Ta = 25°C 


0.1 



0.1 



0.1 


nA 

V|N( — ) = 0, 

Vin(+) ^ i V D c, 
v 0 = 30 v dc 



1.0 



1.0 



1.0 

fiA 

Note 1: For operating at temperatures above 25°C, the LM392N and the LM2924N must be derated based on a 125°C maximum junction temperature and a 
thermal resistance of 122°C/W which applies for the device soldered in a printed circuit board, operating in still air ambient. The LM192H/LM392H must be derated 
based on a 150°C maximum junction temperature and a thermal resistance of 184°C/W. The dissipation is the total of both amplifiers— use external resistors, 
where possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit. 

Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output 
current is approximately 40 mA for the op amp and 30 mA for the comparator independent of the magnitude of V+. At values of supply voltage in excess of 15V, 
continuous short circuits can exceed the power dissipation ratings and cause eventual destruction. 

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP 
transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action 
on the 1C chip. This transistor action can cause the output voltages of the amplifiers to go to the V+ voltage level (or to ground for a large overdrive) for the time 
duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns 
to a value greater than -0.3V (at 25°C). 
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Note 4: These specifications apply for V+ = 5V and - 55°C ^ Ta ^ + 125°C, unless otherwise stated. For the LM392, temperature specifications are limited 
to 0°C ^ Ta ^ +70°C and the LM2924 temperature specifications are limited to -40°C ^ Ta ^ + 85°C. 

Note 5: At output switch point, Vo = 1.4V, Rs = OH with V+ from 5V to 30V; and over the full input common-mode range (OV to V+ - 1.5V). 

Note 6: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output 
so no loading change exists on the input lines. 

Note 7: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the 
common-mode voltage range is V+ - 1.5V, but either or both inputs can go to 32V without damage (26V for LM2924). 

Note 8: Due to proximity of external components, insure that coupling is not originating via the stray capacitance between these external parts. This typically 
can be detected as this type of capacitive increases at higher frequencies. 

Note 9; Positive excursions of input voltage may exceed the power supply level. As long as the other input voltage remains within the common-mode range, 
the comparator will provide a proper output state. The input voltage to the op amp should not exceed the power supply level. The input voltage state must not 
be less than -0.3V (or 0.3V below the magnitude of the negative power supply, if used) on either amplifier. 

Note 10: The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained. 

Schematic Diagram 


v + 



Comparator A 


Amplifier B 


TL/H/7793-2 


Application Hints 

Please refer to the application hints section of the LM193 and the LM158 datasheets. 
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National 

Semiconductor 

Corporation 


LM359 Dual, High Speed, Programmable, 
Current Mode (Norton) Amplifiers 


General Description 

The LM359 consists of two current differencing (Norton) in- 
put amplifiers. Design emphasis has been placed on obtain- 
ing high frequency performance and providing user pro- 
grammable amplifier operating characteristics. Each amplifi- 
er is broadbanded to provide a high gain bandwidth product, 
fast slew rate and stable operation for an inverting closed 
loop gain of 10 or greater. Pins for additional external fre- 
quency compensation are provided. The amplifiers are de- 
signed to operate from a single supply and can accommo- 
date input common-mode voltages greater than the supply. 

Applications 

B General purpose video amplifiers 
m High frequency, high Q active filters 
H Photo-diode amplifiers 

B Wide frequency range waveform generation circuits 
m All LM3900 AC applications work to much higher 
frequencies 


Features 

m User programmable gain bandwidth product, slew rate, 
input bias current, output stage biasing current and total 
device power dissipation 
a High gain bandwidth product (Iset = °- 5 mA ) 

400 MHz for A v = 10 to 100 
30 MHz for A v = 1 
b High slew rate (Iset = 0.5 mA) 

60 V//x sforAy = 10 to 100 
30 V/jus for Ay = 1 

b Current differencing inputs allow high common-mode 
input voltages 

□ Operates from a single 5V to 22V supply 
B Large inverting amplifier output swing, 2 mV to 
Vcc - 2V _ 

m Low spot noise, 6 nV/VHz, for f > 1 kHz 


Typical Application 


Connection Diagram 


0.5 pF 



• A v = 20 dB 

• -3 dB bandwidth = 2.5 Hz to 25 MHz 

• Differential phase error < 1° at 3.58 MHz 

• Differential gain error < 0.5% at 3.58 MHz 


Dual-ln-Line Package 



v out b 

COMP B 
V + 

GND B 

IinHb 

l|N<+)B 

•SEKIN) 


TL/H/7788-2 


Top View 

Order Number LM359J, LM359M or LM359N 
See NS Package Number J14A, M14A or N14A 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, Input Currents, I|n(+) or I|n(~) lOmAoc 

contact the National Semiconductor Sales Office/ Set Currents, Iset(IN) or Iset(OUT) 2 mA DC 

Distributors for availability and specifications. Operating Temperature Range 

Supply Voltage 22V DC LM359 0°Cto+70°C 

ortllVoc Storage Temperature Range -65°C to -1- 150°C 

^Tpackage^ 00 ^ 1W Lead Temperature (Soldering, 10 sec.) 260°C 

N Package 750 mW Soldering Information 

Dual-In-Line Package 

Tpactaje +150-C Soldering (1 0 sec.) 260”C 

N Package + 25°C Sma " 0utline Package 

N Package + 1 25 u Vapor phase (6Q sec } 21 5 o C 

Thermal Resistance Infrared (1 5 sec.) 220°C 

J Package See AN-450 “Surface Mounting Methods and Their Effect 

0jA 147°C/W still air on p ro duct Reliability” for other methods of soldering sur- 

1 10°C/W with 400 linear feet/min air flow f ace moun t devices. 

N Package ESD rating to be determined. 

0 jA 100°C/W still air 

75°C/W with 400 linear feet/min air flow 

Electrical Characteristics Iset(IN) = IsET(OUT) = 0.5 mA, V SU pp|y = 12 V, Ta = 25°C unless otherwise noted 

Parameter 

Conditions 

LM359 

Units 

Min 

Typ 

Max 

Open Loop Voltage 

Gain 

^supply = 12V, R L = Ik, f = 100 Hz 

T a = 125°C 

62 

72 

68 


dB 

dB 

Bandwidth 

Unity Gain 

R|N = 1 kft, C com p =10 pF 

15 

30 


MHz 

Gain Bandwidth Product 
Gain of 10 to 100 

R|N = 50ft to 200ft 

200 

400 


MHz 

Slew Rate 

Unity Gain 

Gain of 10 to 100 

R|N = 1 kft, C com p = 10 pF 

R|N < 200ft 


30 

60 


V/p,S 

V/jLtS 

Amplifier to Amplifier 
Coupling 

f = 100 Hz to 100 kHz, R l = Ik 


-80 


dB 

Mirror Gain 
(Note 2) 

at 2 mA I|n("L)> Iset = 5 juA, Ta — 25°C 
at 0.2 mA I|n(+), Iset = 5 juA 

Over Temp. 

at 20 jitA I|n(*F)> Iset = 5 juA 

Over Temp. 

0.9 

0.9 

0.9 

1.0 

1.0 

1.0 

1.1 

1.1 

1.1 

ju,A/jaA 

jxA/fxA 

julA/jliA 

AMirror Gain 
(Note 2) 

at 20 ju.A to 0.2 mA I|n( + ) 

Over Temp, Iset = 5 juA 


3 

5 

% 

Input Bias Current 

Inverting Input, Ta = 25°C 

Over Temp. 


8 

15 

30 

jblA 

jxA 

Input Resistance (/3re) 

Inverting Input 


2.5 


k ft 

Output Resistance 

Iout = 15 mA rms, f = 1 MHz 


3.5 


ft 

Output Voltage Swing 

Vout High 

Vout Low 

R|_ = 600ft 

I|n( — ) and I|n( + ) Grounded 
l, N (-) = 100 pA l, N ( + ) = 0 

9.5 

10.3 

2 

50 

V 

mV 

Output Currents 

Source 

Sink (Linear Region) 

Sink (Overdriven) 

Iin( — ) and I|n( + ) Grounded, Rl = 100ft 
V comp~ 0 -5V = Vqut = IV, I|n( + ) = 0 

!in( ) = ioo 'in(+) = o. 

Vqut Force = 1 V 

16 

1.5 

40 

4.7 

3 


< < < 

E E E 

Supply Current 

Non-Inverting Input 

Grounded, R[_ = °° 


18.5 

22 

mA 

Power Supply Rejection 
(Note 3) 

f = 120 Hz, I|n( + ) Grounded 

40 

50 


dB 

Note 1: See Maximum Power Dissipation graph. 

Note 2: Mirror gain is the current gain of the current mirror which is used as the non-inverting input. ( A| = | j AMirror Gain is the % change in A| for two 

different mirror currents at any given temperature. ^ inv ) / 

Note 3: See Supply Rejection graphs. 
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Schematic Diagram 











Typical Performance Characteristics (Continued) 


Supply Current 



SET CURRENT (mA) 



0.01 0.1 1.0 
SET CURRENT (mA) 

Amplifier to Amplifier 
Coupling (Input Referred) 


i mm ilium irmiin it 

_T a = 25'C 

V + = 5V 

~ 'set = 05 mA 

SOURCE AMP GAIN = -1 
RECEIVE AMP GAIN = -10 
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Supply Rejection 


CURRENT SOURCE FOR IsET(IN) 


RESISTOR TO V + FOR IsET(IN) 


Ta = 25°C 
V + = 12Voc + 0 77 V,ms 

f 0 = 1 kHz 

POSITIVE INPUT AT GND 


0.01 0.1 

SET CURRENT (mA) 

Output Swing 



FREQUENCY (Hz) 


Noise Voltage 


iniim i 
_T A = 25 
V + = 12\ 

min i 

C 

If 

IT 

mr 


1 


1 

_R 

br mr * T 

= 360U j 
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Application Hints 

The LM359 consists of two wide bandwidth, decompensat- 
ed current differencing (Norton) amplifiers. Although similar 
in operation to the original LM3900, design emphasis for 
these amplifiers has been placed on obtaining much higher 
frequency performance as illustrated in Figure 1. 

This significant improvement in frequency response is the 
result of using a common-emitter/common-base (cascode) 
gain stage which is typical in many discrete and integrated 
video and RF circuit designs. Another versatile aspect of 
these amplifiers is the ability to externally program many 
internal amplifier parameters to suit the requirements of a 
wide variety of applications in which this type of amplifier 
can be used. 


Supply Rejection 







CURRENT SOU 

RCEFORI SET( 

N) 





nT 

RESIS 

TOR TO 

_ 

V + FOR 

<SET(IN 









t A = 2 

!5°C 




,tY uu ' »rms 

| POSITIVE INPUT AT GND 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Output Impedance 



Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE ( J C) 

Note: Shaded area refers to LM359J/LM359N 
TL/H/7788-5 



10 100 Ik 10k 100k 1M 10M 100M 1G 
FREQUENCY (Hz) 


TL/H/7788-6 


FIGURE 1 
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Application Hints (Continued) 


DC BIASING 


The LM359 is intended for single supply voltage operation 
which requires DC biasing of the output. The current mirror 
circuitry which provides the non-inverting input for the ampli- 
fier also facilitates DC biasing the output. The basic opera- 
tion of this current mirror is that the current (both DC and 
DC) flowing into the non-inverting input will force an equal 
amount of current to flow into the inverting input. The mirror 
gain (A|) specification is the measure of how closely these 
two currents match. For more details see National Applica- 
tion Note AN-72. 

DC biasing of the output is accomplished by establishing a 
reference DC current into the (+) input, I|n( + ). and requir- 
ing the output to provide the (-) input current. This forces 
the output DC level to be whatever value necessary (within 
the output voltage swing of the amplifier) to provide this DC 
reference current, Figure 2. 

Rf 

•fb 



V 0 (DC) = Vbe(-) + IFB R f 
•fb = !|n( + ) A| + Ib(-) 

. ... V + -V BE ( + ) 

•in(+) = □ 

Ib(-) is the inverting input bias current 

FIGURE 2 


TL/H/7788-7 


The DC input voltage at each input is a transistor Vbe 
(= 0.6 Vqc) and must be considered for DC biasing. For 
most applications, the supply voltage, V + , is suitable and 
convenient for establishing I|n( + )- The inverting input bias 
current, Ib(-), is a direct function of the programmable input 
stage current (see current programmability section) and to 
obtain predictable output DC biasing set I|n(+) ^ 10lb( - )- 
The following figures illustrate typical biasing schemes for 
AC amplifiers using the LM359: 



FIGURE 3. Biasing an Inverting AC Amplifier 



Av(AC) = + 


Rf 

R s "F fe 


V 0 (DC) = Vbe(-) + Rf 


TL/H/7788-9 


v+ ~ Vbe(+) + 
Rb 


•b(-) 


FIGURE 4. Biasing a Non-Inverting AC Amplifier 


Rf 



Vo(DC) = Vbe(-) (l + -j^) + lb(-)Rf 


FIGURE 5. nVsE Biasing 

The nVeE biasing configuration is most useful for low noise 
applications where a reduced input impedance can be ac- 
commodated (see typical applications section). 

OPERATING CURRENT PROGRAMMABILITY (I S et) 

The input bias current, slew rate, gain bandwidth product, 
output drive capability and total device power consumption 
of both amplifiers can be simultaneously controlled and opti- 
mized via the two programming pins Iset(OUT) and IsET(lN)- 
ISET(OUT) 

The output set current (IsET(OUT)) is equal to the amount of 
current sourced from pin 1 and establishes the class A bias- 
ing current for the Darlington emitter follower output stage. 
Using a single resistor from pin 1 to ground, as shown in 
Figure 6, this current is equal to: 


v + 
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Application Hints (Continued) 

The output set current can be adjusted to optimize the 
amount of current the output of the amplifier can sink to 
drive load capacitance and for loads connected to V + . The 
maximum output sinking current is approximately 10 times 
Iset(OUT)- This set current is best used to reduce the total 
device supply current if the amplifiers are not required to 
drive small load impedances. 

•SET(IN) 

The input set current Iset(IN) is equal to the current flowing 
into pin 8. A resistor from pin 8 to V + sets this current to be: 

v + 


v + - v be 

SET(IN) Rset(in) + soon 


TL/H/7788-12 

FIGURE 7. Establishing the Input Set Current 

Iset(IN) is most significant in controlling the AC characteris- 
tics of the LM359 as it directly sets the total input stage 
current of the amplifiers which determines the maximum 
slew rate, the frequency of the open loop dominant pole, the 
input resistance of the (— ) input and the biasing current 
lb( — )- AH of these parameters are significant in wide band 
amplifier design. The input stage current is approximately 3 
times IseT(IN) and by using this relationship the following 
first order approximations for these AC parameters are: 

s r(MAX) = max slew rate = 3 * SE T(!^) ^ 10 — ^ (V/jlls) 
Ccomp 

frequency of s 3 IsET(lN) * 

dominant pole 2 tt C comp A VO l (0.026V) * ' 

150 (0.026V) , 

input resistance = (S re = (fl) 

3Iset(IN) 

where C comp is the total capacitance from the compensa- 
tion pin (pin 3 or pin 13) to ground, Avol is the low frequen- 
cy open loop voltage gain in V/V and an ambient tempera- 



ture of 25°C is assumed (KT/q = 26 mV and /3typ = 150). 
Iset(IN) also controls the DC input bias current by the ex- 
pression: 


Ib(-) 


3ISET 


]SET 

50 


forNPN/3 = 150 


which is important for DC biasing considerations. 

The total device supply current (for both amplifiers) is also a 
direct function of the set currents and can be approximated 
by: 

•supply = 27 X IsET(OUT) + 1 1 X IsET(IN) 
with each set current programmed by individual resistors. 


PROGRAMMING WITH A SINGLE RESISTOR 


Operating current programming may also be accomplished 
using only one resistor by letting Iset(IN) equal Iset(OUT)- 
The programming current is now referred to as Iset and it is 
created by connecting a resistor from pin 1 to pin 8 (Figure 


v + -2 V BE 
RseT "f" 1 kfl 


where Vbe = 0.6V 



■SET(IN) = ISET(OUT) = >SET 

FIGURE 8. Single Resistor Programming of Iset 

This configuration does not affect any of the internal set 
current dependent parameters differently than previously 
discussed except the total supply current which is now 
equal to: 

•supply = 37 x Iset 

Care must be taken when using resistors to program the set 
current to prevent significantly increasing the supply voltage 
above the value used to determine the set current. This 
would cause an increase in total supply current due to the 
resulting increase in set current and the maximum device 
power dissipation could be exceeded. The set resistor val- 
ue^) should be adjusted for the new supply voltage. 
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Application Hints (Continued) 

One method to avoid this is to use an adjustable current 
source which has voltage compliance to generate the set 
current as shown in Figure 9. 


v + 



FIGURE 9. Current Source Programming of Iset 

This circuit allows Iset to remain constant over the entire 
supply voltage range of the LM359 which also improves 
power supply ripple rejection as illustrated in the Typical 
Performance Characteristics. It should be noted, however, 
that the current through the LM334 as shown will change 
linearly with temperature but this can be compensated for 
(see LM334 data sheet). 

Pin 1 must never be shorted to ground or pin 8 never short- 
ed to V + without limiting the current to 2 mA or less to 
prevent catastrophic device failure. 

CONSIDERATIONS FOR HIGH FREQUENCY 
OPERATION 

The LM359 is intended for use in relatively high frequency 
applications and many factors external to the amplifier itself 
must be considered. Minimization of stray capacitances and 
their effect on circuit operation are the primary require- 
ments. The following list contains some general guidelines 
to help accomplish this end: 

1 . Keep the leads of all external components as short as 
possible. 

2. Place components conducting signal current from the 
output of an amplifier away from that amplifier’s non-in- 
verting input. 

3. Use reasonably low value resistances for gain setting and 
biasing. 

4. Use of a ground plane is helpful in providing a shielding 
effect between the inputs and from input to output. Avoid 
using vector boards. 

5. Use a single-point ground and single-point supply distri- 
bution to minimize crosstalk. Always connect the two 
grounds (one from each amplifier) together. 

6. Avoid use of long wires (> 2 ") but if necessary, use 
shielded wire. 

7. Bypass the supply close to the device with a low induc- 
tance, low value capacitor (typically a 0.01 jllF ceramic) to 
create a good high frequency ground. If long supply leads 
are unavoidable, a small resistor (~ 10ft) in series with 
the bypass capacitor may be needed and using shielded 
wire for the supply leads is also recommended. 


COMPENSATION 

The LM359 is internally compensated for stability with 
closed loop inverting gains of 10 or more. For an inverting 
gain of less than 10 and all non-inverting amplifiers (the 
amplifier always has 100% negative current feedback re- 
gardless of the gain in the non-inverting configuration) some 
external frequency compensation is required because the 
stray capacitance to ground from the (-) input and the 
feedback resistor add additional lagging phase within the 
feedback loop. The value of the input capacitance will typi- 
cally be in the range of 6 pF to 10 pF for a reasonably 
constructed circuit board. When using a feedback resist- 
ance of 30 kft or less, the best method of compensation, 
without sacrificing slew rate, is to add a lead capacitor in 
parallel with the feedback resistor with a value on the order 
of 1 pF to 5 pF as shown in Figure 10. 


Cf 



FIGURE 10. Best Method of Compensation 

Another method of compensation is to increase the effec- 
tive value of the internal compensation capacitor by adding 
capacitance from the COMP pin of an amplifier to ground. 
An external 20 pF capacitor will generally compensate for 
all gain settings but will also reduce the gain bandwidth 
product and the slew rate. These same results can also be 
obtained by reducing Iset(IN) if the toll capabilities of the 
amplifier are not required. This method is termed over-com- 
pensation. 

Another area of concern from a stability standpoint is that of 
capacitive loading. The amplifier will generally drive capaci- 
tive loads up to 100 pF without oscillation problems. Any 
larger C loads can be isolated from the output as shown in 
Figure 1 1. Over-compensation of the amplifier can also be 
used if the corresponding reduction of the GBW product can 
be afforded. 



FIGURE 11. Isolating Large Capacitive Loads 
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Application Hints (Continued) 

In most applications using the LM359, the input signal will 
be AC coupled so as not to affect the DC biasing of the 
amplifier. This gives rise to another subtlety of high frequen- 
cy circuits which is the effective series inductance (ESL) of 
the coupling capacitor which creates an increase in the im- 
pedance of the capacitor at high frequencies and can cause 
an unexpected gain reduction. Low ESL capacitors like solid 
tantalum for large values of C and ceramic for smaller val- 
ues are recommended. A parallel combination of the two 
types is even better for gain accuracy over a wide frequency 
range. 

AMPLIFIER DESIGN EXAMPLES 

The ability of the LM359 to provide gain at frequencies high- 
er than most monolithic amplifiers can provide makes it 
most useful as a basic broadband amplification stage. The 
design of standard inverting and non-inverting amplifiers, 
though different than standard op amp design due to the 
current differencing inputs, also entail subtle design differ- 
ences between the two types of amplifiers. These differenc- 
es will be best illustrated by design examples. For these 
examples a practical video amplifier with a passband of 8 
Hz to 10 MHz and a gain of 20 dB will be used. It will be 
assumed that the input will come from a 75 n source and 
proper signal termination will be considered. The supply 
voltage is 12 Vqc and single resistor programming of the 
operating current, Iset. will be used for simplicity. 


AN INVERTING VIDEO AMPLIFIER 

1 . Basic circuit configuration: 

R f 



2. Determine the required Iset from the characteristic 
curves for gain bandwidth product. 

GBWmin = 10X10 MHz = 100 MHz 
For a flat response to 10 MHz a closed loop response to 
two octaves above 10 MHz (40 MHz) will be sufficient. 
Actual GBW = 10 X 40 MHz = 400 MHz 


Iset required = 0.5 mA 


r SET= 


\T_-2Vbe 
•set 


- 1 kn = 


10.8 V 
0.5 mA 


ka = 20.6 kH 


. Determine maximum value for Rf to provide stable DC 
biasing 


'f(MlN) ^ 10 X 


3 'set _ 100 /xA minimum DC 

0 


feedback current 


Optimum output DC level for maximum symmetrical swing 
without clipping is: 


v oDC(opt) 


_ Vq(MAX) ~ Vq(MIN) 


+ V o(MIN) 


(V + - 3V BE ) ~ 2 mV 
2 

12 -1.8V 10.2V 


VoDC(opt) ~ • 

R f(MAX) can now be found: 


• = 5.1 Vpc 


R f(MAX) 


^ VoDC(opt) - Vbe(-) _ 5.1V ~ 0.6V 


, A 45 ka 

If(MIN) 100 /xA 

This value should not be exceeded for predictable DC 
biasing. 

4. Select R s to be large enough so as not to appreciably 
load the input termination resistance: 

R s ^ 7 50a Let R s = 750a 

5. Select Rf for appropriate gain: 

Ay = - ^ so; Rf = 10 R s = 7.5 ka 
R s 

7.5 ka is less than the calculated Rf(MAX) so DC predicta- 
bility is insured. 

6. Since Rf = 7.5k, for the output to be biased to 5.1 Vqc. 
the reference current I|n(+) rnust be: 


l| N ( + ) = 


5.1V - Vbe(-) _ 5.1V - 0.6V 


Rf 


7.5 ka 


= 600 /xA 


Now Rb can be found by: 
Rb V - v be( '•) 


12 - 0.6 


• = 19 ka 


l|N( + ) 600 juA 

. Select Cj to provide the proper gain for the 8 Hz minimum 
input frequency: 

1 1 


Ci^- 


■ = 26 juF 


2tt R s (f| 0W ) 2 t t (750a) (8 Hz) 

A larger value of Cj will allow a flat frequency response 
down to 8 Hz and a 0.01 jaF ceramic capacitor in parallel 
with Cj will maintain high frequency gain accuracy. 

8. Test for peaking of the frequency response and add a 
feedback “lead” capacitor to compensate if necessary. 
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Application Hints (Continued) 


Final Circuit Using Standard 5% 
Tolerance Resistor Values: 

0.5 pF 




1M 10M 100M 

FREQUENCY (Hz) 

TL/H/7788-19 

V 0 (DC) = 5.1V 

Differential phase error < 1° for 3.58 MHz f|N 
Differential gain error < 0.5% for 3.58 MHz f|N 
f — 3 <jB low = 2.5 Hz 

A NON-INVERTING VIDEO AMPLIFIER 

For this case several design considerations must be dealt 
with. 

• The output voltage (AC and DC) is strictly a function of 
the size of the feedback resistor and the sum of AC and 
DC “mirror current” flowing into the (+) input. 


• The amplifier always has 100% current feedback so ex- 
ternal compensation is required. Add a small (1 pF-5 pF) 
feedback capacitance to leave the amplifier’s open loop 
response and slew rate unaffected. 

• To prevent saturating the mirror stage the total AC and 
DC current flowing into the amplifier’s ( + ) input should 
be less than 2 mA. 

• The output’s maximum negative swing is one diode 
above ground due to the Vbe diode clamp at the (-) 
input. 

DESIGN EXAMPLE: 

eifsi = 50 mV (MAX), f|N = 10 MHz (MAX), desired circuit 

BW = 20 MHz, Ay = 20 dB, driving source impedance = 

75 ft, V + = 12V. 

1 . Basic circuit configuration: 


Cf 



2. Select Iset to provide adequate amplifier bandwidth so 
that the closed loop bandwidth will be determined by Rf 
and Cf. To do this, the set current should program an 
amplifier open loop gain of at least 20 dB at the desired 
closed loop bandwidth of the circuit. For this example, an 
Iset Of 0.5 mA will provide 26 dB of open loop gain at 
20 MHz which will be sufficient. Using single resistor pro- 
gramming for Iset : 

V + - 2 Vrf 

R set = — - 1 kft = 20.6 kfl 

Iset 

3. Since the closed loop bandwidth will be determined by 

R f andC f (f_3dB = i ^) 
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Application Hints (Continued) 

to obtain a 20 MHz bandwidth, both Rf and Cf should be 
kept small. It can be assumed that Cf can be in the range 
of 1 pF to 5 pF for carefully constructed circuit boards to 
insure stability and allow a flat frequency response. This 
will limit the value of Rf to be within the range of: 

1 1 
2n 5 pF 20 MHz ^ ^ 2 tt 1 pF 20 MHz 

or 1.6 kft £ R f <; 7.96 kft 

Also, for a closed loop gain of +10, Rf must be 10 times 
R s + r e where r e is the mirror diode resistance. 

4. So as not to appreciably load the 75ft input termination 
resistance the value of (R s + r e ) is set to 750ft. 

5. For A v = 10; Rf is set to 7.5 kft. 

6. The optimum output DC level for symmetrical AC swing 
is: 


v oDC(opt) = 


Vq(MAX) ~ Vq(MIN) 
2 

(12 - 1.8)V - 0.6V 
2 


+ V o(MIN) 


+ 0.6V = 5.4 V D c 


7. The DC feedback current must be: 

, _ VoDC(opt) ~ VBE(-) 5.4V - 0.6V 

FB R f 7.5k 

= 640 jtxA = I|n( + ) 

DC biasing predictability will be insured because 640 /xA 
is greater than the minimum of Iset/ 5 or 100 juA. 


For gain accuracy the total AC and DC mirror current 
should be less than 2 mA. For this example the maximum 
AC mirror current will be; 


- e in peak _ +50 mV 
R s + r © 750ft 


±66 jtxA 


therefore the total mirror current range will be 574 juA to 
706 ju,A which will insure gain accuracy. 


8. Rb can now be found: 


Rb = 


v - Vbe( + ) 12 - 0.6 


= 17.8 kft 


l| N ( + ) 640 juA 

9. Since R s + r e will be 750ft and r e is fixed by the DC 
mirror current to be: 


r e = ; 


KT 


26 mV 


= 40ft at 25°C 


ql|N(+) 640 /xA 

R s must be 750ft-40ft or 710ft which can be a 680ft 
resistor in series with a 30ft resistor which are standard 
5% tolerance resistor values. 


10. As a final design step, Cj must be selected to pass the 
lower passband frequency corner of 8 Hz for this exam- 
ple. 


1 2 77 (R s + r e ) flow 2 tt (750ft) (8 Hz) ‘ r 

A larger value may be used and a 0.01 /xF ceramic ca- 
pacitor in parallel with C\ will maintain high frequency 
gain accuracy. 


Final Circuit Using Standard 5% Tolerance Resistor Values 

IpF 
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LM359 


Application Hints (Continued) 

Circuit Performance 



1M 1QM 100M 

FREQUENCY (Hz) 

TL/H/7788-22 

V 0 (DC) = 5.4V 

Differential phase error < 0.5° 

Differential gain error < 2% 
f— 3 dB low = 2.5 Hz 


GENERAL PRECAUTIONS 

The LM359 is designed primarily for single supply operation 
but split supplies may be used if the negative supply voltage 
is well regulated as the amplifiers have no negative supply 
rejection. 

The total device power dissipation must always be kept in 
mind when selecting an operating supply voltage, the pro- 
gramming current, Iset. and the load resistance, particularly 
when DC coupling the output to a succeeding stage. To 
prevent damaging the current mirror input diode, the mirror 
current should always be limited to 10 mA, or less, which is 
important if the input is susceptible to high voltage tran- 
sients. The voltage at any of the inputs must not be forced 
more negative than -0.7V without limiting the current to 10 
mA. 

The supply voltage must never be reversed to the device; 
however, plugging the device into a socket backwards 
would then connect the positive supply voltage to the pin 
that has no internal connection (pin 5) which may prevent 
inadvertent device failure 


Typical Applications 

DC Coupled Inputs 


Inverting 


Non-Inverting 


Rf 



Av(AC) = ^ 

• Eliminates the need for an input coupling capacitor 



Av(AC) = + 


Rf 

R s + r e (+) 


• Input DC level must be stable and can exceed the supply voltage of the LM359 provided that maximum input 
currents are not exceeded. 
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Application Hints (Continued) 

Noise Reduction using nVeE Biasing 


nVgE Biasing with a Negative Supply 






• R1 and C2 provide additional filtering of the negative biasing supply 


Typical Input Referred Noise Performance 


Adding a JFET Input Stage 


-nV BE BIASING - 


1= 20 V 1 ‘SETQN) = 2 ™ A - 


; l SET(IN) = 0 - 5mA 
- — *SET{IN) = 0-05 mA 


Lj 100 L-J 

|J270 J27ol 


10k 100k 1M 


FREQUENCY (Hz) 


tl jar- 


>RsET(0UT) 
> 20k 


• FET input voltage mode op amp 

• For A v = +1; BW = 40 MHz, S r = 60 V/jus; C c = 51 pF 

• For A v = +11; BW = 24 MHz, S r = 130 V/jus; C c = 5 pF 

• For A v = +100; BW = 4.5 MHz, S r = 150 V/jas; C c = 2 pF 

• Vos >s typically <25 mV; 100ft potentiometer allows a Vqs adjust range 
of ~ +200 mV 

• Inputs must be DC biased for single supply operation 





LM359 


Typical Applications (Continued) 


Photo Diode Amplifier 



D1 ~ RCA N-Type Silicon P-l-N Photodiode 

• Frequency response of greater than 1 0 MHz 

• If slow rise and fall times can be tolerated the gate on the output can be removed. In 
this case the rise and the fall time of the LM359 is 40 ns. 

• Tpdl = 45 ns, Tpon = 50 ns — T 2 L output 


TL/H/7788-29 


Balanced Line Driver 


v + 



ForV 0 1 =V 0 2 = — , 


Av 


(£*■) 


R3 

R2 


V + - 2<f> R6 
2 (V + - <J>) ' R5 



where <f> = 0.6V 


• 1 MHz— 3 dB bandwidth with gain of 1 0 and 0 dbm into 600fi 

• 0.3% distortion at full bandwidth; reduced to 0.05% with bandwidth of 10 kHz 

• Will drive Cl = 1500 pF with no additional compensation, ±0.01 jxF with C comp = 180 pF 

• 70 dB signal to noise ratio at 0 dbm into 600fi, 10 kHz bandwidth 


TL/H/7788-30 
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Typical Applications (Continued) 


Difference Amplifier 



V 0 (DC) = ^ (V + - <f>) where <f> = 0.6V 


Ay = — for R1 = R2 

*CMRR is adjusted for max at expected CM input signal 
R5 

R6 ~ — ,forR5 = 100 kft 
5 

• Wide bandwidth 

• 70 dB CMRR typ 

• Wide CM input voltage range 


Voltage Controlled Oscillator 

c 


20 pF 



f = V IN ~ 

0 4 CAV R1 

where: R2 = 2R1 

<f> = amplifier input voltage = 0.6V 
AV = DM7414 hysteresis, typ IV 

• 5 MHz operation 

• T 2 L output 


Phase Locked Loop 
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Typical Applications (Continued) 


Squarewave Generator 

R1 

2k 



f = 1 MHz 

Output is TTL compatible 

Frequency is adjusted by R1 & C (R1 < R2) 


TL/H/7788-34 


Pulse Generator 


R1 



Output is TTL compatible 
Duty cycle is adjusted by R1 
Frequency is adjusted by C 


V 0 


:jul 


f = 1 MHz 
Duty cycle = 20% 


TL/H/7788-36 


Crystal Controlled Sinewave Oscillator 

5 pF 



9.i mnz 

(FUNDAMENTAL) 


TL/H/7788-37 


6 




Typical Applications (Continued) 


High Performance 2 Amplifier Biquad Filter(s) 


c 



TL/H/7788-35 

• The high speed of the LM359 allows the center frequency Q 0 product of the filter to be: 
f 0 x Q 0 £ 5 MHz 

• The above filter(s) maintains performance over wide temperature range 

• One half of LM359 acts as a true non-inverting integrator so only 2 amplifiers (instead 
of 3 or 4) are needed for the biquad filter structure 


DC Biasing Equations for Vqi(dc) s v 02(DC) s V + /2 


Type 1 

£MdC1 + 1 + 1 _ 2 _ 

V + (R i2 ) R Rq R b 

Type II 

jj + = ■§■ ; R1 = 2R 

R Rq Rb 

Type III 

1 + 1 _ 2 . 1 _ V, N(DC) 1 

R Rq R b ’R1 V + (R m ) 2R 


Analysis and Design Equations 









LM359 


Typical Applications (Continued) 

Triangle Waveform Generator 


c 

250 pF 
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National 

Semiconductor 

Corporation 


LM604A/LM604 4 Channel Mux-Amp 


General Description 

The LM604 Mux-Amp is an op-amp with four selectable dif- 
ferential inputs, combining the functions of a multiplexer 
with an op-amp. The LM604 can select, buffer, and amplify 
one of four different input signals, providing a complete sys- 
tem for multiplexing analog signals. It also has the unique 
Bi-State output which allows two or more Mux-Amps to be 
connected together at their outputs to increase the number 
of multiplexed channels. Channel selection and the Bi-State 
output are controlled by internal logic that interfaces directly 
to a microprocessor. Besides these unique features, the 
LM604 has excellent AC and DC op-amp specifications and 
is internally compensated. 

Applications include signal multiplexing and linear circuits 
that are controlled by digital signals (i.e., programmable gain 
blocks, filters, and other op-amp circuits). 


Features 

■ Multiplexes four differential input channels to a single 
op-amp 

■ Easy to interface to microprocessor, or operates “stand 
alone” 

a Bi-State output: Operates in two states, Active and Dis- 
abled. When disabled, it becomes a high impedance. 

■ Wide operating voltage range 

single supply 4V to 32 V 

split supply ± 2 V to ± 1 6V 

ffl Wide input common mode range V - to V+ - IV 
b Fast channel to channel switching time 5 jus 

b Output will drive a 600fl load 


Block Diagram 


Channel Selection 


DIGITAL GROUNC 


FOUR 

SEPARATE 

DIFFERENTIAL 

INPUT 

CHANNELS 



CHANNEL SELECTION 
AND BI-STATE 
OUTPUT CONTROL 



SECOND STAGE AND 
BI-STATE OUTPUT 


A 

B 

WR 

cs 

Channel 

0 

0 

0 

0 

1 

0 

1 

0 

0 

2 

1 

0 

0 

0 

3 

1 

1 

0 

0 

4 

X 

X 

X 

1 

Unchanged 

X 

X 

1 

X 

Unchanged 


Bi-State Output Control 


EN 

WR 

cs 

Output State 

0 

0 

0 

Enabled 

1 

0 

0 

Disabled, High Z 

X 

X 

1 

Unchanged 

X 

1 

X 

Unchanged 


Order Number LM604AMJ, LM604IJ, LM604IN, LM604ACN, LM604CN, LM604ACM, or LM604CM 
See NS Package Number J18A, N18A or M20B 
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LM604A/LM604 


Absolute Maximum Ratings 









If Military/Aerospace specified devices are required, 

Operating Ambient 





contact the National Semiconductor Sales 

Office/ Temperature Range 





Distributors for availability and specifications. 


LM604AM 



— 55°C ^ T a ^ 125°C 

Supply Voltage 

36V or ± 18V 

LM604I 



— 40°C ^ T a <: 85° C 

Differential Input Voltage ± Supply Voltage 

LM604AC, LM604C 


0°C ^ T a <; 70°C 

Input Voltage Range ± Supply Voltage 



J Pkg. M Pkg. N Pkg. 

Output Short Circuit to Gnd Continuous (Note 1 

Power Dissipation (Note 2) 1 ,600 mw 1 ,500 mW 1 ,900 mw 

ESD Tolerance (C 7 AP = 120 pF, 


Tjmax 


150°C 150°C 150°C 

Rzap = 1500H) 


2,000V 

0JA (Typical, 


75°C/W 83°C/W 65°C/W 

Lead T emperature (Soldering, 5 sec.) 

300°C 

Board Mounted) 





Storage Temperature Range — 65°C to 1 50°C 







DC Electrical Characteristics v SU pply = 

= + 15V (Note 3) 













LM604AC 





LM604AM 

LM604I 











LM604C 


Parameter 

Conditions 

Typical 

Tested 

Design 

Tested 

Design 

Tested 

Design 

Units 




Limit 

Limit 

Limit 

Limit 

Limit 

Limit 

(Limit) 




(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 


Input Offset Voltage 

R s = 10 kfl LM604 

1.0 



3.0 

5.0 

3.0 

5.0 

mV 

(Vos) 

LM604A 

0.5 

1.0 




1.0 

3.0 

(Max) 




3.0 







Vos Temperature 


5.5 







|ulV/ 0 C 

Drift 













10 


10 

12 


mm 

nA 




12 





1 

(Max) 

los Temperature 


0 







pA/°C 

Drift 


■ ■ 








Input Bias Current 

LM604 

50 





MM 


nA 

Ob) 

LM604A 

30 

50 




■ 


(Max) 




60 




■ 



Ib Temperature 


55 







pA/°C 

Drift 










Input Common 

Upper Limit 

14.0 

13.5 


13.5 

13.0 

13.5 

13.0 

V 

Mode Voltage 



13.0 






(Min) 

Range 

Lower Limit 

-15.0 

-15.0 


-15.0 

- 15.0 

-15.0 

- 15.0 

V 




- 15.0 






(Max) 

Input Resistance 


1.0 







Meg H 

Output Voltage 

R|_ = 10 kfl Upper Limit 

13.4 

13.0 


13.0 

12.5 

13.0 

12.5 

V 

Swing 



12.5 






(Min) 


Lower Limit 

-14.2 

-13.8 


-13.8 

- 13.3 

-13.8 

- 13.3 

V 




- 13.3 






(Max) 


Rl = 600a Upper Limit 

12.7 

12.3 


12.3 

10.0 

12.3 

10.0 

V 




10.0 






(Min) 


Lower Limit 

-12.6 

-12.2 


-12.2 

- 11.7 

-12.2 

- 11.7 

V 




- 11.7 






(Max) 

Large Signal 

Vqut = ±10V R l = 2kCl 

200 

50 


50 

25 

50 

25 

V/mV 

Voltage Gain 



25 






(Min) 


Rl = 600fl 

200 

50 


50 

25 

50 

25 





25 







Common Mode 

V C M = -15.0V to 13.5V 

100 

80 


80 

70 

80 

70 

dB 

Rejection Ratio 



70 






(Min) 
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DC Electrical Characteristics v SU pp LY = ±isv(Note3) 


Parameter 

Conditions 

Typical 

LM604AM 

LM604I 

LM604AC 

LM604C 

Units 

(Limit) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Power Supply 
Rejection Ratio 

VsupPLY = — 5.0V to ± 16.0V 

100 

80 

70 


80 

70 

80 

70 

dB 

(Min) 

Output Short Circuit 
Current 


±35 

±50 

±60 


±50 

±60 

±50 

±60 

mA 

(Max) 

Output Leakage 
Current 

VoUT= -13.5V to 13.0V 

Bi-State Output Disabled 

4.0 

10.0 

20.0 


10.0 

20.0 

10.0 

20.0 

juA 

(Max) 

Output Capacitance 

Bi-State Output Disabled 

See Figure 1 

10 







PF 

Supply Current 


7.0 

9.0 

10.0 


9.0 

10.0 

9.0 

10.0 

mA 

(Max) 


AC Electrical Characteristics v SU pply = ±isv(Note3) 


Parameter 

Conditions 

Typical 

LM604AM 

LM604I 

LM604AC 

LM604C 

Units 

(Limit) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Slew Rate 

Ay = 1 , R|_ — 2 kfl 

3.0 

2.0 


2.0 

1.5 

2.0 

1.5 

V/jus 




1.5 






(Min) 

Gain Bandwidth 

f = 100 kHz 

7.0 

6.0 


6.0 

3.0 

6.0 

3.0 

MHz 

Product 



3.0 






(Min) 

Unity Gain 


3.0 


2.5 


2.5 


2.5 

MHz 

Frequency 









(Min) 

Phase Margin 

R L = 2 kft, C L = 200 pF 

50 







Degrees 

Settling Time to 

Ay — — 1,Vquj= —5.0V to 5.0V 

4.0 







JLLS 

0.1% of Final Value 

R l = 2 kH 









Channel Switching 

See Figure 2 tswi 

4.0 

5.5 


5.5 

6.5 

5.5 

6.5 

JULS 

Time 



6.5 






(Max) 


tSW2 

5.0 


6.5 


6.5 


6.5 


Channel to Channel 

R s = lOkn.f = 10 kHz 

100 







dB 

Isolation 

V| N = lO.OVp.p 









Input Noise Voltage 

R s = 100 a f = 1 kHz 

20 







nVA/Hz 

Input Noise Current 

f = 1 kHz 

0.3 







pA/VHz 

Mux-Amp Enable 

See Figure 3 

3.0 

4.0 


4.0 

5.0 

4.0 

5.0 

jus 

Time 



5.0 






(Max) 


*EN2 

4.0 


5.5 


5.5 


5.5 


Mux-Amp Disable 

See Figure 3 

1.0 

2.0 


2.0 

3.0 

2.0 

3.0 

jus 

Time (t D | S ) 



3.0 



: 



(Max) 
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DC Electrical Characteristics v SU pply = sv (Note 3) 


Parameter 

Conditions 

Typical 

LM604AM 

LM604I 

LM604AC 

LM604C 

Units 

(Limit) 

Tested 

Limit 
(Note 4) 



Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Input Offset Voltage 

R s = 10 ka 

LM604 

1.0 



3.0 

5.0 

3.0 

5.0 

mV 


Vqut = 2.0V 

LM604A 

0.5 

1.0 




1.0 

3.0 

(Max) 





3.0 







Input Offset Current 

Vqut = 2.0V 


3.0 

10 



18 

10 

18 

nA 





18 






(Max) 

Input Bias Current 

VouT = 2.0V 

LM604 

70 



130 

150 

130 

150 

nA 



LM604A 

50 

80 




80 

110 

(Max) 





110 







Input Common 

Vqut = 2.0V 

Upper Limit 

4.0 

3.5 


3.5 

3.0 

3.5 

3.0 

V 

Mode 




3.0 






(Min) 

Voltage Range 


Lower Limit 

0 

0 

0 


0 

0 

0 

0 


Output Voltage 

r l = 10 ka 

Upper Limit 

3.5 

3.2 


3.2 

3.0 

3.2 

3.0 

V 

Swing 




3.0 






(Min) 



Lower Limit 

0.5 

0.7 


0.7 

0.8 

0.7 

0.8 

V 





0.8 






(Max) 


r l = 6 oon 

Upper Limit 

3.3 

3.0 


3.0 

2.8 

3.0 

2.8 

V 





2.8 






(Min) 



Lower Limit 

0.4 

0.6 


0.6 

0.7 

0.6 

0.7 

V 





0.7 






(Max) 

Large Signal 

Vout = 0.8V 

R L = 2 kn 

200 


50 


50 



V/mV 

Voltage 

to 2.8 V 




25 


25 



(Min) 

Gain 


R[_ 600a 

200 


50 


50 









25 


25 




Common Mode 

V CM = 0V to 3.5V 


100 







dB 

Rejection Ratio 

Vqut = 2.ov 









(Min) 

Power Supply 

V+ = 4.0V to 5.0 V 


100 

80 


80 

70 

80 

70 

dB 

Rejection Ratio 

Vqut = 2.ov 



70 






(Min) 




Gout = ^ x 100 /*A 

FIGURE 1. Output Capacitance Test 
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Digital Input Electrical Characteristics v SU pply = ±isv (Notes) 


Parameter 

Conditions 

Typical 

LM604AM 

LM604I 

LM604AC 

LM604C 

Units 

(Limit) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

V INHI 



1.8 

2.0 


1.8 

2.0 

1.8 

2.0 

V 

(Min) 

V INLO 



1.0 

0.8 


1.0 

0.8 

1.0 

0.8 

V 

(Max) 

IlNHI 



5.0 

10.0 


5.0 

10.0 

5.0 

10.0 

jitA 

(Max) 

IlNLO 



5.0 

10.0 


5.0 

10.0 

5.0 

10.0 

jxA 

(Max) 

Minimum Pulse 

Width for WR & CS 




100 


100 


ioo 

ns 

(Min) 

Minimum Set-Up 
Time (t s ) 

See Figures 3 and 5 



100 


100 


100 

ns 

(Min) 

Minimum Hold 

Time (t H ) 

See Figures 3 and 5 



50 


50 


50 

ns 

(Min) 

Input Capacitance 


5 







PF 


Note 1: Applies to both single and split supply operation. Continuous short circuit operation can result in exceeding the maximum allowed junction temperature. 
Note 2: When operating at Ta > 25°C, the maximum power dissipation must be derated based on 0 ja- 

Note 3: Unless specified otherwise, all limits are guaranteed for Ta = Tj = 25°C, Vcm = OV, Vout = OV, and Rl > IMegft. Boldface limits apply at 
0°C <: Tj £ 70°C for LM604AC and LM604C, -40°C ^ Tj ^ 85°C for LM604I, and -55°C ^ Tj 125°C for LM604AM. 

Note 4: Guaranteed and 100% production tested. 

Note 5: Guaranteed but not 100% production tested. These numbers are not used to calculate outgoing quality levels. 

Note 6: Unless specified otherwise, all units are guaranteed at Ta = Tj = 25°C. Boldface limits apply at the junction temperature extremes specified in note 3. 
Input voltage levels are with respect to digital ground (pin 4) which must be at least 4.0V below V+ . 


Switching from Channel 1 
to 2 with Channel Select 
preset to AB before WR = 
0. This test applies to all 
channels. 


4Kfl 




TL/H/9131-8 



FIGURE 2. Channel Switching Time Test 


“A / 



and Disable Time Test 
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Typical Performance Characteristics (Note 7) 


Equivalent Input Noise 
Current vs Frequency 



FREQUENCY (Hz) 


Positive Current Limit 



0 5 10 15 20 25 30 35 40 45 50 

OUTPUT SOURCE CURRENT (mA) 


Negative Current Limit 



0 5 10 15 20 25 30 35 40 45 50 

OUTPUT SINK CURRENT (mA) 





5 


Slew Rate vs Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Bode Plot 


Inverter Settling Time 
vs Output Voltage Swing 




Unity Gain Frequency 



-75 -50 -25 0 25 50 75 100 125 150 


Open Loop Voltage Gain 



0 5 10 15 20 


TEMPERATURE (°C) 


SUPPLY VOLTAGE (±V) 


Note 7: Unless specified otherwise, Ta = Tj = 25°C, V s = ±15V, Vqm = 0V, Vqut = 0V, and Rl > 1 Meg. 


TL/H/9131-7 
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Connection Diagrams 


18 Pin Dual-ln-Line Package 20 Pin Small Outline Package 



FIGURE 4 


TL/H/9131 -26 


Timing Diagrams 



FIGURE 5. Channel Switching Timing Diagram 


TL/H/9131 -11 





Functional Description 

INPUT CHANNEL SELECTION 

The LM604 contains four differential input channels that are 
selected one at a time. An input is selected by writing its 
binary code to pins A and B when CS and WR are a logic 0, 
see block diagram. The LM604 always has one of its inputs 
selected. In order to isolate all four channels from the out- 
put, the Bi-State output can be disabled. 

Figure 5 illustrates how the LM604 switches from one chan- 
nel to another. The switching begins on the falling edge of 
WR if A and B are valid before WR is a logic 0, or when A 
and B become valid while WR is a logic 0. In either case, the 
channel switching time (tsw2) remains the same. If a chan- 
nel is to remain selected, its binary code must be valid dur- 
ing the rising edge of WR as specified by ts and tn- 
Channel switching time is specified by tswi and tsw2 as 
shown in Figure 2. tswi is the time it takes the output to first 
reach its new value, and tsw2 is the time it takes the output 
to settle to within 0.1% of its new value. Clearly, tsw2 is a 
more useful parameter for specifying switching time, but it is 
difficult to test on a production basis. Therefore, tswi is 
tested and this allows tsw2 to be guaranteed. Channel 
switching time will vary as a function of how far the output 
swings to reach its new value. This is shown in Figure 6 
where tsw2 is plotted as a function of output voltage swing 
(AVout)- 



0 123456789 10 


*SW2 (A s ) 

TL/H/9131-12 

AVout = Vout (Selected Channel) - Vqut (Previous Channel) 

figure 6. tsw2 vs aVqut 

BI-STATE OUTPUT 

The Bi-State output can be either enabled (on) or disabled 
(off). When disabled, the output becomes a high impedance 
load that can be driven by another output stage. This allows 
several Mux-Amps to be connected together at their outputs 
by having only one output enabled at one time. Thus, sever- 
al Mux-Amps can be in parallel to the same output to in- 
crease the number of multiplexed channels. The Bi-State 
output is controlled by EN when CS and WR are a logic 0, 
see block diagram. 

When the output is disabled and driven by another output, it 
behaves like a small capacitive load with a few microamps 
of leakage current. The data sheet specifies this with the 


parameters “Output Capacitance” and “Output Leakage 
Current”. Both parameters vary with temperature, as shown 
in Figure 7. 



-75 -50-25 0 25 50 75 100 125 150 



-75 -50 -25 0 25 50 75 100 1 25 150 
TEMPERATURE (°C) 

TL/H/9131 -14 

FIGURE 7. Ileakage and Cout vs Temperature 

Figure 8 illustrates switching between two Mux-Amps that 
are connected in parallel to the same output. Switching be- 
gins on the falling edge of WR if the EN signals are correctly 
set before WR is a logic 0, or when the EN signals become 
valid while WR is a logic 0. The Bi-State output takes less 
time to become disabled than it does to become enabled, 
and this insures the outputs are switched in a “break before 
make” method. If an in output is to remain enabled or dis- 
abled after WR becomes a logic 1 , EN must be valid during 
the rising edge of WR as specified by ts and tn- Note that 
when a Mux-Amp has its output enabled, the binary code for 
the selected input channel must also be written. 

Bi-State output enable time Oeni and t£N2) and disable time 
(tpis) are defined in Figure 3. t£Ni is the time it takes the 
output to first reach its enabled value (Ven). and t£N2 is the 
time it takes the output to settle to within 0.1% of Ven- As 
with channel switching time, t£Ni is a tested parameter that 
allows t£N2 t0 be guaranteed, tpis is the time it takes the 
output to become a high impedance. Output enable time will 
vary according to how far the output swings from Vpis to 
Ven. and this is plotted in Figure 9. 
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Functional Description (Continued) 




FIGURE 8. Timing Diagram for Switching Bi-State Outputs 


TL/H/9131-15 
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FIGURE 9. t EN2 vs AVqut 


DIGITAL CONTROL 

As mentioned in the previous sections, the input channels 
and Bi-State output are controlled by logic levels on pins A, 
B, and EN. There are two ways to apply logic levels to these 
pins. 1) Hardwire WR and CS directly to digital ground so 
that the LM604 operates in a “stand alone” mode. This 
allows input logic levels to directly control the LM604. 2) 
Write digital signals to A, B, and EN as shown in the timing 
diagrams of Figures 5 and 8. This method is used when the 
LM604 interfaces to a microprocessor. Note that CS and 
WR can occur simultaneously, so set-u p and hold times are 
not required for CS. Also, notice that WR must remain a 
logic 1 during the hold time period. 

Input logic levels are referenced to a 1 .4V threshold voltage, 
making the LM604 compatible with TTL and CMOS logic. 
This threshold voltage is referenced to digital ground. The 
voltage level of digital ground can be as low as V - (pin 15) 
and as high as 4V below V+ (pin 5). 
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Application Hints 

USING MULTIPLE FEEDBACK LOOPS 

Each input channel of the LM604 is used as a single op- 
amp with its own feedback loop. Two examples of this are 
circuits with multiple inverting gain channels and non-invert- 
ing gain channels {Figure 10). These circuits have multiple 
feedback loops connected to the same output with one 
feedback loop connected to a selected channel and the 
others connected to “off” channels. The feedback loop of 
the selected channel determines the gain of these circuits. 
The off channel feedback loops affect these circuits in two 
ways. 1) They create an additional load at the output. 2) 
Feedback loops for inverting gain channels provide feed- 
through paths from the inputs of the off channels to the 
output. 

In Figure 10, the loading affect of multiple feedback loops is 
given in terms of current flowing through the feedback loops 
(Ip). In circuits with non-inverting gain channels, Ip is a func- 
tion of Vqut and the resistance of the feedback loops. In 
circuits with inverting gain channels, Ip is different for each 
channel selected because it is also a function of the off 
channel input voltages. This additional loading must be ac- 
counted for when designing Mux-Amp circuits. Otherwise, 
the output load resistance will be less than anticipated. 


Figure 11 illustrates feedthrough in an off inverting gain 
channel. Feedthrough occurs because the feedback resis- 
tors and the Mux-Amp output impedance (r 0 ) form a voltage 
divider. This divider allows a portion of the off channel’s 
input signal to appear at the output. The amount of signal 
that feeds through depends on the ratio of output imped- 
ance to feedback loop resistance. Output impedance varies 
according to Mux-Amp gain (gain of the selected channel) 
and the frequency of the feedthrough signal. This variation 
must be considered when calculating feedthrough, and it is 
plotted in the “Typical Device Characteristics” section. 


R2 



FIGURE 11. Inverting Gain Channel Feedthrough 
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FIGURE 10. Circuits Using Multiple Inverting and Non-Inverting Gain Channels 
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Application Hints (Continued) 

INPUT CHARGE INJECTION 

When the Mux-Amp switches channels, charge is injected 
from the inputs of the selected and previous channels, see 
Figure 12. This causes a positive error voltage at the input 
of the selected channel and a negative voltage at the previ- 
ous channel. The amplitude of this error voltage equals 
Q|NJ /C IN. where Cin is the total capacitance at the input 
and Qinj is the charge injected. As plotted in Figure 13, 
Qinj increases proportionally with the difference in voltage 
between a channel’s input common mode voltage and the 
negative supply. The RC time constant of C|n times resist- 
ance seen from the input will determine how long the error 
voltage remains at the input. 
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FIGURE 12. Error Voltage From Input Charge Injection 
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FIGURE 13. Qinj vs V CM -V- 
MAXIMUM OUTPUT LOAD CONDITIONS 

The Mux-Amp is guaranteed to drive a 600fl load as speci- 
fied over its entire operating range. Reducing the load re- 
sistance below this value may cause the output to current 


limit. It may also cause the junction temperature limit to be 
exceeded when operating the part near its maximum ambi- 
ent temperature. 

The Mux-Amp is unconditionally stable with as much as 
500 pF connected from the output to ground. If the output is 
required to drive a larger capacitive load, the Mux-Amp may 
need to operate with at least a gain of 10. Otherwise, it may 
become unstable when sinking current. 

DIGITAL FEEDTHROUGH 

When interfacing the Mux-Amp to a microprocessor, pins A, 
B, EN, and WR are connected to an address bus where high 
frequency digital signals are present. The fast edges of 
these signals can propagate into the Mux-Amp’s analog sig- 
nal path, causing fast transients to appear at the output. To 
avoid this problem, the following precautions should be tak- 
en. 

1) Analog and digital ground must be kept separate. They 
can only be connected together back at the power supply or 
supply bus. 

2) Bypass capacitors should have low inductance to prevent 
noise spikes on the voltage supply pins. A ceramic disc ca- 
pacitor of 0.1 juF is usually sufficient. 

3) All lead lengths should be kept short to prevent them 
from picking up digital signals. 

By using these rules, digital signals can be attenuated at the 
input channels by typically 100 dB. 

Lab measurements have shown a minimum digital feed- 
through signal of 2 mV occurs at the output even when the 
best layout precautions are taken. This is fine for many ap- 
plications, but to completely eliminate digital feedthrough, 
any signals coming directly from the bus must be sent to the 
Mux-Amp via a Tri-State buffer, see Figure 14. This isolates 
the Mux-Amp’s digital pins from the address bus to prevent 
pin to pin feedthrough. CS can be used to enable the Tri- 
State buffers when signals are sent to the Mux-Amp from 
the address bus. 



TL/H/9131 -22 

FIGURE 14. Isolating Mux-Amp from Address 
Bus by Using a Tri-State Buffer 
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LM607/LM607A/LM607B Precision Operational Amplifier 


General Description 

The LM607 series of precision operational amplifiers are 
trimmed at wafer sort to extremely low values of offset volt- 
age. Advanced circuit design and testing techniques allow 
guaranteed drift specifications as low as 0.3 julV/°C with off- 
sets as low as 25 julV. 

Other input parameters are equally impressive. The typical 
open loop voltage gain of 5 Million yields extremely low er- 
ror in high-gain applications. CMRR and PSRR are typically 
140 dB. 

Using Super-Beta transistors in the front end enables the 
LM607 to operate at high input stage current while maintain- 
ing low values of input bias current (1 nA typ.) This gives the 

part its low input voltage noise: 6.5 nV/VHz. 

High operating currents also help give the LM607 its high 
gain-bandwidth product of 1.8 MHz and slew rate of 
0.7V//xs. Despite its higher speed, the LM607 draws less 
supply current than OP-07 types: only 1 mA at ± 1 5V sup- 
plies. 


Features 



■ Low Vqs 

LM607A: 

25 jliV max 

■ Low drift 

LM607A: 

0.3 /xV/°C max 

■ Drift 100% tested: A and B grades 

■ High gain 

LM607A: 

5 million min 

■ High CMRR 

LM607A: 

124 dB min 

■ High PSRR 

LM607A: 

120 dB min 

■ Low noise 


6.5 nVA/Hz @ 1 kHz 



9 nVA/Hz @ 10 Hz 

■ High speed 


1.8 MHz gain-bandwidth 



0.7V/ jms slew rate 

■ Low supply current 

1 mA 

■ Wide input common mode 

± 13V 

■ Wide supply range 

+ 3V to ± 18V 

■ Overcompensation 

Allows driving high C[_ 


Typical Performance Characteristics 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Differential Input Overdrive Current (Note 7) ± 25 mA 

Supply Voltage 44V 

Input Voltage Supply Voltage 

Output Short Circuit to Gnd Continuous 

Power Dissipation 500 mW 


Storage T emperature Range - 65°C to 1 50°C 

Operating Junction Temperature Range 
(Note 9) 

LM607AM/LM607BM -55°Cto 125°C 

LM607C/LM607AC/LM607BC 0°C to 70°C 


Lead Temperature (Soldering, 1 0 sec.) 260°C 

ESD Tolerance Czap = 100 pF 2000V 
Rzap = 1.5 kfl 


Electrical Characteristics (Note d 





LM607AM 

LM607BM 


Parameter 

Conditions 

Typ 

Tested 

Limit 

Design 

Limit 

Tested 

Limit 

Design 

Limit 

Units 




(Note 5) 

(Note 6) 

(Note 5) 

(Note 6) 


Input Offset Voltage 

(Note 2) 

15 

25 


60 


M-V 




80 


120 


Max 

Input Offset 

(Note 3) 

0.2 

0.3 


0.6 


jnV/°C 

Voltage Drift 







Max 

Input Off set Voltage 

(Note 4) 

0.2 





juV/mo 

Long Term Stability 







Max 

Input Bias Current 


1 

2 


3 


nA 




4 


6 


Max 

Input Offset Current 


0.5 

2 


2.8 


nA 




4 


5.6 


Max 

Input Noise Voltage 

0.1 to 10 Hz 

0.2 


0.5 


0.5 

/aV p-p 








Max 

Input Noise 

f = 10 Hz 

9 


18 


18 

nV/VRi 

Max 

Voltage Density 

f = 100 Hz 

7 


10 


10 


f = 1 kHz 

6.5 


8 


8 

Input Noise Current 

0.1 to 10 Hz 

14 





pAp-p 








Max 

Input Noise 

f = 10 Hz 

0.32 





pA/VHi 

Max 

Current Density 

f = 100 Hz 

0.14 






f = 1 kHz 

0.12 





Input Resistance 

Differential Mode 

2 





Mft 


Common Mode 

100 





Gn 

Input Voltage Range 


±13.5 

±13 


±13 


V 




±12.5 


±12.5 


Min 

Common-Mode 

V CM = ±13V 

140 

124 


116 


dB 

Rejection Ratio 

V CM - ± 12.5V 


120 


112 


Min 

Power Supply 

Vs = ±3V to ± 18V 

140 

120 


114 


dB 

Rejection Ratio 

(Note 8) 


117 


112 


Min 

Large-Signal 

V 0 = +10V 







Voltage Gain 

R L ^ 2 k Ct 

10000 

5000 


2000 


V/mV 




2000 


1500 


Min 


R L ^ 1 kft 

5000 

1500 


1000 




2-433 


LM607/LM607A/LM607B 



LM607/LM607A/LM607B 


Electrical Characteristics (Note d (continued) 

Parameter 

Conditions 

Typ 

LM607AM 

LM607BM 

Units 

Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Output Voltage 

Swing 

R l s> 2 kft 

R l £ 1 ka 

+ 13.8 

±13 

±12.5 

±12.5 


±13 

±12.5 

±12.5 


V 

Min 

Slew Rate 


0.7 


0.4 


0.4 

V//AS 

Min 

Gain-Bandwidth 

Product 

f = 100 kHz 

1.8 


1.0 


1.0 

MHz 

Min 

Open-Loop 

Output Resistance 


50 





n 

Supply Current 


1 






Offset Adjust Range 


1.5 





mV 

Electrical C 

haracteristics (Note d 

Parameter 

Conditions 

Typ 

LM607AC 

LM607BC 

LM607C 

Units 

Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Input Offset Voltage 

(Note 2) 

15 

25 

40 


60 

90 


150 

250 

Max 

Input Offset 

Voltage Drift 

(Note 3) 

0.2 

0.3 


0.6 



2.5 

fjtV/°C 

Max 

Input Offset Voltage 
Long Term Stability 

(Note 4) 

0.2 







i! 

o 

Input Bias Current 


1 

2 

4 

3 

6 

10 

14 

nA 

Max 

Input Offset Current 


0.5 

2 

4 

2.8 

5.6 

6 

10 

nA 

Max 

Input Noise Voltage 

0.1 to 10 Hz 

0.2 


0.5 


0.5 


0.5 

jaV p-p 
Max 

Input Voltage 

Noise Density 

f = 10 Hz 

f = 100 Hz 

f = 1 kHz 

9 

7 

6.5 


18 

10 

8 


18 

10 

8 


H 

nVA/Hz 

Max 

Input Noise Current 

0.1 to 10 Hz 

14 







pAp-p 

Max 

Input Noise 

Current Density 

f = 10 Hz 

f = 100 Hz 

f = 1 kHz 

0.32 

0.14 

0.12 

■ 






pA/VHz 

Max 

Input Resistance 

Differential Mode 
Common Mode 

2 

100 







Mft 

Input Voltage 

Range 


±13.5 

±13 

±12.5 

±13 

±12.5 

±13 

±12.5 


Common-Mode 
Rejection Ratio 

V CM = ± 13V 

V CM = ± 12.5 V 

140 

124 

120 

116 

112 

110 

108 


Power Supply 
Rejection Ratio 

V s = ±3V to ± 18V 
(Note 8) 

140 

120 

117 

114 

112 

110 

108 

dB 

Min 

1 
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Electrical Characteristics (Note i> (continued) 


Parameter 

Conditions 

Typ 

LM607AC 

LM607BC 

LM607C 

Units 

Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Large-Signal 

Voltage Gain 

V 0 = +10V 
R L ^ 2 k a 

r l ^ i kn 

10000 

5000 

5000 

1500 

2000 

2000 

1000 

1500 

1500 

1000 

lOOO 

V/mV 

Min 

Output Voltage 
Swing 

R l ^ 2 kn 

R[_ ^ 1 kn 

±13.8 

±13 

±12.5 

±12.5 

±13 

±12.5 

±12.5 

±12.5 

±12 

±12 

V 

Min 

Slew Rate 


0.7 


0.4 


0.4 


0.4 

V/JLIS 

Min 

Gain-Bandwidth 

Product 

f = 100 kHz 

1.8 


1.0 


1.0 


1.0 

MHz 

Min 

Open-Loop 

Output Resistance 


50 







n 

Supply Current 


1 

1.5 

2.0 

1.5 

2.0 

1.8 

2.2 

mA 

Max 

Offset Adjust 

Range 


1.5 









Note 1: All limits guaranteed for Tj = 25°C, Vqm = 0, Vq = 0 and ±15V supplies unless otherwise specified. Boldface limits apply at temperature extremes. 
Note 2: Input offset voltage for A and B grades is tested and guaranteed with the device fully warmed up. See Figure 1 in the Application Hints for test circuit. 
Warmup drift is typically 3 fiV settling out in 5 minutes. The LM607C offset voltage is measured by automated test equipment within 200 ms of applying power. 
Note 3: Input offset voltage drift is defined as [Vos(70°C) - Vos(-5°C)]/75°C for the commercial temperature range. For the military temperature range, the input 
offset voltage drift is measured from room temperature to both extremes: both [Vos(25°C) - Vos( _ 55°C)]/80°C and [Vos(125°C) - Vos(25°C)]/100°C. 

Note 4: Input offset voltage long term stability refers to the average trend line of Vos vs - time over extended periods of time after the first 30 days of operation. 
Excluding the initial hour of operation, changes in Vqs during the first 30 days are typically 2 jaV. 

Note 5: Guaranteed and 1 00% production tested. 

Note 6: Guaranteed but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 7: Inputs are protected by back-to-back diodes to prevent zener breakdown of the input transistors. Series limiting resistors have not been included since they 
degrade noise performance. Excessive current may flow if a differential voltage in excess of 0.7V is applied. 

Note 8: Power Supply Rejection Ratio is tested by moving both power supplies together from their minimum to maximum values. 

Note 9: Typical thermal resistance of the molded package is 95°C/W junction-to-ambient. Typical thermal resistance of the metal can package is 150°C/W 
junction-to-ambient and 1 7°C/W junction-to-case. 


Application Hints 

OFFSET VOLTAGE 

Offset voltage of the LM607 is internally trimmed to a very 
low value. The data sheet Vqs specification applies at Tj = 
25°C, Vqm = 0 and ±15V supplies. For other conditions, 
temperature drift, common-mode rejection and power-sup- 
ply rejection errors must be taken into account. 

Although the LM607C is specified as Tj = 25°C, the 3 juV 
typical warmup drift is a small fraction of its 100 jllV max 
offset. For the 25 ju,V LM607A and 50 jmV LM607B grades, 
the offset voltage is measured fully warmed up with the cir- 
cuit of Figure 1 approximately 5 minutes after applying pow- 
er. 

To measure Vqs with high accuracy, gain must be taken 
right at the device as shown, otherwise the offset voltage 
would get swamped out by noise and thermoelectric volt- 
ages. Thermocouples occur in the devices, the 1C socket 
and the resistor across the device inputs (R2), all of which 
must be held isothermal. Usually best results are obtained 
by placing the circuit in a box or chamber to minimized air- 


flow and employing a long thermal soak time. R2 should be 
mounted symmetrically with respect to potential thermal 
gradients: e.g. not perpendicular to the board but instead 
parallel to the board and the device socket. In addition, R2 
should have low thermal emf. Cermet or nichrome metal film 
types are acceptable; avoid tin-oxide resistors. 


R1 50 kXl 



TL/H/8787-3 

FIGURE 1. Offset Voltage Test Circuit 
OFFSET NULLING 

This is usually not required on the LM607 family since its 
offset voltage is internally trimmed. An offset adjust range of 
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Application Hints (Continued) 

approximately ±1.5 mV is available using a single 10 or 20 
kn potentiometer as shown in Figure 2. With these values, 
the adjustment is relatively linear over the entire range. If a 
100 k Cl potentiometer is used, the adjustment becomes 
very coarse at the extremes (above 700 jmV) but fine in the 
center, which makes it easier to precisely null the offset. For 
even more sensitivity, employ a pot in conjunction with two 
fixed resistors. For example the circuit of Figure 3 has an 
adjustment range of ±150 /xV. 


V* 



TL/H/8787-4 

FIGURE 2. Offset Adjust Circuit 
v + 

I 

10 KQ 10 KQ 10 ICQ 

TL/H/8787-5 

FIGURE 3. Improved Sensitivity Offset Adjust 

Because adjusting the offset voltage of an LM607 will alter 
its offset voltage temperature drift, caution is advised. Every 
100 juV of offset will produce a 0.33 ju,V/°C drift component. 
For this reason the offset adjust potentiometer should not 
be used to null out a sensor offset if system temperature 
drift is important; rather a stable voltage reference must be 
added to the sensor voltage. Offset voltage drift is guaran- 
teed by design for the LM607C either with or without exter- 
nal nulling. The higher precision A and B grades are 100% 
drift tested and guaranteed without nulling only. 

OVERCOMPENSATION 

Without any external compensation, the LM607 is stable at 
unity gain and up to 750 pF load capacitance. It has a slew 
rate of 0.7V/jus and a gain-bandwidth product of 1 .8 MHz. If 
desired, the amplifier may be overcompensated by adding 
external components as shown in Figure 4. This increases 
maximum capacitive loading to 0.01 /xF while decreasing 


slew rate to 0.13V/jus and bandwidth to 200 kHz. If over- 
compensation is not desired, pin 5 should be left open. 



NOISE 

The LM607 achieves lower voltage noise than the OP-07 
primarily by operating at higher input stage current. Its su- 
perbeta input transistors and trimmed bias-current compen- 
sation prevent the bias current from increasing. When mea- 
suring spot noise, a circuit as shown in Figure 5 is recom- 
mended. The DUT runs at a gain of 100 will not roll off until 
approximately 15 kHz. Another gain of 100 amplifier follow- 
ing brings total DUT-input-referred gain up to 10,000 to mini- 
mize sensitivity to EMI in the environment. When measuring 
spot noise at 100 Hz, it is recommended that the bandwidth 
be 20 Hz or less to minimize pickup of 120 Hz, the second 
harmonic of line frequency. 



TL/H/8787-7 

FIGURE 5. Spot Noise Test Circuit 

The circuit used to measure peak-to-peak noise in the 0.1 to 
10 Hz range is shown in Figure 6. The device should be 
warmed up for about 2 minutes and shielded from air cur- 
rents to minimize warmup drift and thermoelectric voltages. 
The test time should be limited to only 10 seconds, as this 
limits noise contributions below 0.1 Hz, in addition to the 
single zero rolloff. The measuring equipment must be flat 
beyond this bandwidth. DC coupling must be employed to 
ensure this. Certain types of X-Y plotters may not be usable 
because of severe rolloff above a few Hz. 
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Application Hints (Continued) 


o.i^f 



Gain = 50,000 

FIGURE 6. 0.1 to 10 Hz Noise Test Circuit 


Input Overdrive 

The LM607’s input-protection diodes prevent zener break- 
down of the input transistors and the ensuing degradation of 
input DC parameters. Current limiting resistors have not 
been included as they would degrade input noise voltage. 
Input current should be limited to ±25 mA to avoid potential 
damage to the 1C metallization. 

In voltage follower applications, large input voltage steps 
may be coupled directly to the op amp’s output via the pro- 
tection diodes. If the input and feedback resistances are low 
in value, the output stage may be driven temporarily into 
current limit. The resulting output waveform exhibits an ini- 
tial fast step when the diodes are conducting followed by a 
slight glitch as the amplifier comes out of current limit before 
true slewing is observed. For best results, use input and 
feedback resistors of 2 kft each in parallel with 30 pF ca- 
pacitors. The capacitors eliminate input and feedback poles 
which respectively cause signal rolloff and instabilities. 

Typical Performance 
Characteristics 


Gain and Phase vs. Frequency 



FREQUENCY (Hz) 


TL/H/8787-9 


Top Views 




TL/H/8787-1 1 

TO-99 Can 


Order Information 


Package 

Temperature Range 

NSC 

Drawing 

Military 

Commercial 

TO-99 

LM607AMH 

LM607BMH 

LM607ACH 

LM607BCH 

LM607CH 

H08C 

8-Pin 

Cerdip 

LM607AMJ 

LM607BMJ 

LM607ACJ 

LM607CJ 

LM607CJ 

J08A 

8-Pin 

Molded 

DIP 


LM607ACN 

LM607BCN 

LM607CN 

N08E 

8-Pin SO 


LM607CM 

M08A 
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ADVANCED INFORMATION 


LM611 Adjustable Micropower Floating Voltage 
Reference and Single-Supply Operational Amplifier 


General Description 

The voltage reference is a three-terminal shunt-type band- 
gap similar to the adjustable LM185 series, but with im- 
proved voltage accuracy. To ±0.4% accuracy by wafer 
trim. Two resistors program the reference from 1.24V to 
6.3V. Operation over a shunt current range of 16 ju,A to 
20 mA, low dynamic impedance, broad capacitive load 
range, and cathode terminal voltage ranging from a diode- 
drop below V~ to above V+ result in easy application. 

The operational amplifier is a versatile common-mode-to- 
the-negative-supply (“single-supply”) type similar to the 
LM124 series, but with improved slew rate, improved power 
bandwidth, reduced cross-over distortion, and low supply 
current even while driven beyond swing limits. Lateral PNP 
input transistors enable low input currents for large differen- 
tial input voltages and swings above V+. 


Features (Guaranteed over temperature and supply) 

■ Low operating current 300 jmA (per op amp) 

1 6 jixA (ref) 


Large supply voltage range 3V to 36V 

Large output swing (1 Ok load) (V ~ + 1 V) to (V + - 1 .8V) 
Input common-mode range includes V~ to (V+ -1.4V) 
Op amps match LM124 pin-out 

Wide input differential voltage +36V 

Reference voltage adjustable 1 .2V to 6.3V 

Reference initial tolerance ±0.4% 

Reference temp, coefficient ±20 ppm/°C 

Reference load capacitance 0 to °° 

Cost effective 


Applications 

■ Power supplies 
n Signal conditioning 


Connection Diagrams 




M Narrow (0.15") 


TL/H/9221 -2 


Order Number 

Prime Military 

(— 55°C ^ T A ^ +125°C) 

tested at -55°C, +25°C, +125°C 

drift tested at -55°C, +25°C, +125°C 

Prime Industrial 

(— 40°c <; t a <; +85°c) 

tested at + 25°C 

drift tested at -40°C, +25°C, +85°C 

Industrial 

(— 40°C £ t a <: +85°C) 
tested at + 25°C 
Commercial 
(0 <; t a ^ +70°C) 
tested at + 25°C 


LM611MJ 


LM611AIN 


LM611IN 

LM611IM 

LM611IN 

LM611CN 

LM611CM 


2-438 




National 

Semiconductor 

Corporation 


ADVANCED INFORMATION 


LM614 Adjustable Micropower Floating Voltage 
Reference and Four Single-Supply Operational Amplifiers 


General Description 

The voltage reference is a three-terminal shunt-type design 
similar to the adjustable LM185 series, but with improved 
voltage tolerance and temperature coefficient. It is adjusta- 
ble from 1 .23 to 6.3V and operates over a wide shunt cur- 
rent range of 12 jxA to 20 mA. Trimming provides accuracy 
to ±y 3 %. The low dynamic impedance and wide capacitive 
load range result in easy application. 

The four operational amplifiers are versatile single-supply 
types similar to the LM124 series, but with improved slew 
rate (0.8V/jxs typ.) and power bandwidth, reduced cross- 
over distortion, and low current consumption even while 
driven beyond swing limits. 


Features 

□ Low operating current 185 /xA (per op amp) 

1 2 juA (reference) 

m Wide supply voltage range 3V to 36V 

■ Large output swing (V - + 0.9V) to (V+ - 1.7V) 

m Input common-mode range includes V~ 

□ Reference voltage adjustable 1 .2V to 6.3V 

■ Reference initial tolerance ±0.33% 

E9 Reference temp coefficient ±20 PPM/C 

□ Reference tolerant of capacitive loads 

Applications 

m Instrumentation 
ei Switching power supplies 
@ Battery operated devices 


Connection Diagram 



Top View 

M Narrow (0.15"), N, or J 
Order Number LM614M, LM614N or LM614J 
See NS Package J16A, M16A or N16A 


Order Number 

Prime Military 

(— 55°C <; T a ^ + 1 25°C) 

tested at -55°C, +25°C, +125°C 

drift tested at -55°C, +25°C, +125°C 

Prime Industrial 

( — 40°C ^ T a <c +85°C) 

tested at + 25°C 

drift tested at -40°C, +25°C, +85°C 

Industrial 

( — 40°C <; Ta ^ +85°C) 
tested at +25°C 
Commercial 
(0°C ^ T a ^ +70°C) 
tested at + 25°C 


LM614MJ 


LM614AIJ 


LM614IN 

LM614IJ 

LM614IM 

LM614CN 

LM614CM 
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LM675 Power Operational Amplifier 


General Description 

The LM675 is a monolithic power operational amplifier fea- 
turing wide bandwidth and low input offset voltage, making it 
equally suitable for AC and DC applications. 

The LM675 is capable of delivering output currents in ex- 
cess of 3 amps, operating at supply voltages of up to 60V. 
The device overload protection consists of both internal cur- 
rent limiting and thermal shutdown. The amplifier is also in- 
ternally compensated for gains of 10 or greater. 

Features 

■ 3A current capability 

■ A vo typicaly 90 dB 

■ 5.5 MHz gain bandwidth product 

■ 8 V/ jus slew rate 

■ Wide power bandwidth 70 kHz 


■ 1 mV typical offset voltage 

■ Short circuit protection 

■ Thermal protection with parole circuit (100% tested) 

■ 16V-60V supply range 

■ Wide common mode range 

■ Internal output protection diodes 

■ 90 dB ripple rejection 

■ Plastic power package TO-220 

Applications 

■ High performance power op amp 

■ Bridge amplifiers 

■ Motor speed controls 

■ Servo amplifiers 

■ Instrument systems 


Connection Diagram Typical Applications 


TO-220 Power Package (T) 


D Vcc 
=> OUTPUT 
} -Vee 
ZD -IN 
} + IN 

TL/H/6739-1 

Front View 



Non-Inverting Amplifier 


+ V C C 



Order Number LM675T 
See NS Package T05B 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage ± 30V 

Input Voltage -VEEtoVcc 


Operating Temperature 0°C to + 70°C 

Storage T emperature - 65°C to + 1 50°C 

Junction T emperature 1 50°C 

Power Dissipation (Note 1 ) 30W 

Lead Temperature (Soldering, 1 0 seconds) 260°C 

ESD rating to be determined. 


Electrical Characteristics Vq= ±25V, Ta = 25°C unless otherwise specified. 


Parameter 

Conditions 

Typical 

Tested Limit 

Units 

Supply Current 

Pout = °w 

18 

50 (max) 

mA 

Input Offset Voltage 

V C M = 0V 

1 

10 (max) 

mV 

Input Bias Current 

V C M = 0V 

0.2 

2 (max) 

juA 

Input Offset Current 

V C M = 0V 

50 

500 (max) 

nA 

Open Loop Gain 

R[_ = oofi 

90 

70 (min) 

dB 

PSRR 

A V s = ±5V 

90 

70 (min) 

dB 

CMRR 

V| N = ±20V 

90 

70 (min) 

dB 

Output Voltage Swing 

R|_ = 8fl 

±21 

±18 (min) 

V 

Offset Voltage Drift Versus Temperature 

R s < 100 kH 

25 


/xV/°C 

Offset Voltage Drift Versus Output Power 


25 


jaV/W 

Output Power 

THD = 1%, f 0 = 1 kHz, R L = 8H 

25 

20 

W 

Gain Bandwidth Product 

f 0 = 20 kHz, A V cl = 1000 

5.5 


MHz 

Max Slew Rate 


8 


V/jLLS 

Input Common Mode Range 


±22 

±20 (min) 

V 


Note 1: Assumes Ta equal to 70°C. For operation at higher tab temperatures, the LM675 must be derated based on a maximum junction temperature of 150°C. 


Typical Applications (Continued) 


Generating a Split Supply From a Single Supply 



V s = ±8V — ► ±30V 


TUH/6739-3 
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LM675 


Typical Performance Characteristics 



Mil 

0.1 1.0 10 100 
POWER OUTPUT (W) 


Input Common Mode 
Range vs Supply Voltage 
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SUPPLY VOLTAGE (±V) 


Supply Current vs 
Supply Voltage 



0 5 10 15 20 25 30 

SUPPLY VOLTAGE ( ±V) 
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PSRR vs Frequency 
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Device Dissipation vs 
Ambient Temperaturet 



0 10 20 30 40 50 60 70 80 
Ta-AMBIENT TEMPERATURE (°C) 
tO INTERFACE = 1° C/W. 


Current Limit vs 



0 5 10 15 20 25 30 


OUTPUT VOLTAGE (±V) 

*V S = +25V 


See Application Hints. 



Output Voltage 
Swing vs Supply Voltage 



0 5 10 15 20 25 30 


19 15 20 25 30 


SUPPLY VOLTAGE (±V) 


SUPPLY VOLTAGE (±V) 


TL/H/6739-4 
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919VU1 


Schematic Diagram 



LM675 


Application Hints 

STABILITY 

The LM675 is designed to be stable when operated at a 
closed-loop gain of 10 or greater, but, as with any other 
high-current amplifier, the LM675 can be made to oscillate 
under certain conditions. These usually involve printed cir- 
cuit board layout or output/input coupling. 

When designing a printed circuit board layout, it is important 
to return the load ground, the output compensation ground, 
and the low level (feedback and input) grounds to the circuit 
board ground point through separate paths. Otherwise, 
large currents flowing along a ground conductor will gener- 
ate voltages on the conductor which can effectively act as 
signals at the input, resulting in high frequency oscillation or 
excessive distortion. It is advisable to keep the output com- 
pensation components and the 0.1 jxF supply decoupling 
capacitors as close as possible to the LM675 to reduce the 
effects of PCB trace resistance and inductance. For the 
same reason, the ground return paths for these compo- 
nents should be as short as possible. 

Occasionally, current in the output leads (which function as 
antennas) can be coupled through the air to the amplifier 
input, resulting in high-frequency oscillation. This normally 
happens when the source impedance is high or the input 
leads are long. The problem can be eliminated by placing a 
small capacitor (on the order of 50 pF to 500 pF) across the 
circuit input. 

Most power amplifiers do not drive highly capacitive loads 
well, and the LM675 is no exception. If the output of the 
LM675 is connected directly to a capacitor with no series 
resistance, the square wave response will exhibit ringing if 
the capacitance is greater than about 0.1 juF. The amplifier 
can typically drive load capacitances up to 2 juF or so with- 
out oscillating, but this is not recommended. If highly capaci- 
tive loads are expected, a resistor (at least 1ft) should be 
placed in series with the output of the LM675. A method 
commonly employed to protect amplifiers from low imped- 
ances at high frequencies is to couple to the load through a 
10ft resistor in parallel with a 5 ju.H inductor. 

CURRENT LIMIT AND SAFE OPERATING AREA 
(SOA) PROTECTION 

A power amplifier’s output transistors can be damaged by 
excessive applied voltage, current flow, or power dissipa- 
tion. The voltage applied to the amplifier is limited by the 
design of the external power supply, while the maximum 
current passed by the output devices is usually limited by 
internal circuitry to some fixed value. Short-term power dis- 
sipation is usually not limited in monolithic operational pow- 
er amplifiers, and this can be a problem when driving reac- 
tive loads, which may draw large currents while high volt- 
ages appear on the output transistors. The LM675 not only 
limits current to around 4A, but also reduces the value of the 
limit current when an output transistor has a high voltage 
across it. 

When driving nonlinear reactive loads such as motors or 
loudspeakers with built-in protection relays, there is a possi- 
bility that an amplifier output will be connected to a load 
whose terminal voltage may attempt to swing beyond the 
power supply voltages applied to the amplifier. This can 
cause degradation of the output transistors or catastrophic 
failure of the whole circuit. The standard protection for this 


type of failure mechanism is a pair of diodes connected be- 
tween the output of the amplifier and the supply rails. These 
are part of the internal circuitry of the LM675, and needn’t 
be added externally when standard reactive loads are 
driven. 

THERMAL PROTECTION 

The LM675 has a sophisticated thermal protection scheme 
to prevent long-term thermal stress to the device. When the 
temperature on the die reaches 170°C, the LM675 shuts 
down. It starts operating again when the die temperature 
drops to about 145°C, but if the temperature again begins to 
rise, shutdown will occur at only 1 50°C. Therefore, the de- 
vice is allowed to heat up to a relatively high temperature if 
the fault condition is temporary, but a sustained fault will 
limit the maximum die temperature to a lower value. This 
greatly reduces the stresses imposed on the 1C by thermal 
cycling, which in turn improves its reliability under sustained 
fault conditions. This circuitry is 100% tested without a heat 
sink. 

Since the die temperature is directly dependent upon the 
heat sink, the heat sink should be chosen for thermal resist- 
ance low enough that thermal shutdown will not be reached 
during normal operaton. Using the best heat sink possible 
within the cost and space constraints of the system will im- 
prove the long-term reliability of any power semiconductor. 

POWER DISSIPATION AND HEAT SINKING 

The LM675 should always be operated with a heat sink, 
even though at idle worst case power dissipation will be only 
1 .8W (30 mA X 60V) which corresponds to a rise in die tem- 
perature of 97°C above ambient assuming 0jA = 54°C/W 
for a TO-220 package. This in itself will not cause the thermal 
protection circuitry to shut down the amplifier when operating at 
roomtemperature,butamere0.9Wofadditionalpowerdissipa- 
tion will shut the amplifier down since Tj will then increase from 
122°C (97°C + 25°C) to 170°C. 

In order to determine the appropriate heat sink for a given 
application, the power dissipation of the LM675 in that appli- 
cation must be known. When the load is resistive, the maxi- 
mum average power that the 1C will be required to dissipate 
is approximately: 


Pd ,MAX) ~ + PQ 

where Vs is the total power supply voltage across the 
LM675, R|_ is the load resistance and Pq is the quiescent 
power dissipation of the amplifier. The above equation is 
only an approximation which assumes an “ideal” class B 
output stage and constant power dissipation in all other 
parts of the circuit. As an example, if the LM675 is operated 
on a 50V power supply with a resistive load of 8ft, it can 
develop up to 19W of internal power dissipation. If the die 
temperature is to remain below 150°C for ambient tempera- 
tures up to 70°C, the total junction-to-ambient thermal re- 
sistance must be less than 


1 50°C - 70°C 
19W 


= 4.2°C/W. 


Using 0jc = 2°C/W, the sum of the case-to-heat sink inter- 
face thermal resistance and the heat-sink-to-ambient 
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Application Hints (Continued) 

thermal resistance must be less than 2.2°C/W. The case-to- 
heat-sink thermal resistance of the TO-220 package varies 
with the mounting method used. A metal-to-metal interface 
will be about 1°C/W if lubricated, and about 1.2°C/W if dry. 
If a mica insulator is used, the thermal resistance will be 
about 1 .6°C/W lubricated and 3.4°C/W dry. For this exam- 
ple, we assume a lubricated mica insulator between the 
LM675 and the heat sink. The heat sink thermal resistance 
must then be less than 

4.2°C/W - 2°C/W - 1.6°C/W = 0.6°C/W. 

This is a rather large heat sink and may not be practical in 
some applications. If a smaller heat sink is required for rea- 
sons of size or cost, there are two alternatives. The maxi- 
mum ambient operating temperature can be restricted to 
50°C (122°F), resulting in a 1.6°C/W heat sink, or the heat 

Typical Applications (Continued) 


sink can be isolated from the chassis so the mica washer is 
not needed. This will change the required heat sink to a 
1 .2°C/W unit if the case-to-heat-sink interface is lubricated. 
The thermal requirements can become more difficult when 
an amplifier is driving a reactive load. For a given magnitude 
of load impedance, a higher degree of reactance will cause 
a higher level of power dissipation within the amplifier. As a 
general rule, the power dissipation of an amplifier driving a 
60° reactive load will be roughly that of the same amplifier 
driving the resistive part of that load. For example, some 
reactive loads may at some frequency have an impedance 
with a magnitude of 8ft and a phase angle of 60°. The real 
part of this load will then be 8ft X cos 60° or 4ft, and the 
amplifier power dissipation will roughly follow the curve of 
power dissipation with a 4ft load. 


Non-Inverting Unity Gain Operation 

v+ 



RlC ^ 2 tt 500 kHz 
^ R s + R 2 

A V(DC) = 1 

UNITY GAIN BANDWIDTH ~ 50 kHz 


Inverting Unity Gain Operation 

r 2 



RlC ^ 27 t 500 kHz 
R 2 

**10 
A V(DC) = -1 

UNITY GAIN BANDWIDTH = 50 kHz 
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LM741/LM741A/LM741C/LM741E Operational Amplifier 


General Description 

The LM741 series are general purpose operational amplifi- 
ers which feature improved performance over industry stan- 
dards like the LM709. They are direct, plug-in replacements 
for the 709C, LM201 , MCI 439 and 748 in most applications. 
The amplifiers offer many features which make their appli- 
cation nearly foolproof: overload protection on the input and 


output, no latch-up when the common mode range is ex- 
ceeded, as well as freedom from oscillations. 

The LM741C/LM741E are identical to the LM741/LM741A 
except that the LM741C/LM741E have their performance 
guaranteed over a 0°C to +70°C temperature range, in- 
stead of -55°C to -t-125°C. 


Schematic and Connection Diagrams (Top Views) 



Metal Can Package 


NC 



TL/H/9341 -2 

Order Number LM741H, LM741AH, 
LM741CH or LM741EH 
See NS Package Number H08C 


Dual-ln-Line or S.O. Package 



Order Number LM741CJ, LM741CM, 
LM741CN or LM741EN 

See NS Package Number J08A, M08A or N08E 


2 
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LM741/LM741A/LM741C/LM741E 


Absolute Maximum Ratings 


If Military /Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for 
availability and specifications. 

(Note 5) 



LM741A 

LM741E 

LM741 

LM741C 

Supply Voltage 

±22V 

±22V 

±22V 

± 18V 

Power Dissipation (Note 1 ) 

500 mW 

500 mW 

500 mW 

500 mW 

Differential Input Voltage 

±30V 

±30V 

±30V 

±30V 

Input Voltage (Note 2) 

± 15V 

± 15V 

± 15V 

± 15V 

Output Short Circuit Duration 

Indefinite 

Indefinite 

Indefinite 

Indefinite 

Operating Temperature Range 

— 55°C to +125°C 

0°C to +70°C 

— 55°Cto + 1 25°C 

0°C to +70°C 

Storage Temperature Range 

— 65°C to + 1 50°C 

— 65°C to 4- 1 50°C 

— 65°C to + 1 50°C 

— 65°C to + 1 50°C 

Junction Temperature 

150°C 

100°C 

150°C 

100°C 

Soldering Information 

N-Package (1 0 seconds) 

260° C 

260°C 

260°C 

260°C 

J- or H-Package (10 seconds) 

300° C 

300°C 

300°C 

300°C 

M-Package 

Vapor Phase (60 seconds) 

215°C 

21 5°C 

215°C 

215°C 

Infrared (15 seconds) 

215°C 

21 5°C 

215°C 

215°C 


See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” (Appendix D) for other methods of soldering 
surface mount devices. 


Electrical Characteristics (Note 3) 


Parameter 

Conditions 

LM741A/LM741E 

LM741 

LM741C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

T a = 25°C 

R s £ 10 kn 

R s £ 500 


0.8 

3.0 


1.0 

5.0 


2.0 

6.0 

mV 

mV 

TaMIN ^ T A ^ T A MAX 

R s ^ 500 

R s ^ 10 kO 



4.0 



6.0 



7.5 

mV 

mV 

Average Input Offset 
Voltage Drift 




15 






■ 

jaV/°C 

Input Offset Voltage 
Adjustment Range 

T a = 25°C, V s = +20V 

±10 




±15 



±15 


mV 

Input Offset Current 

T a = 25°C 


3.0 

30 


20 

200 


20 

200 

nA 

Tamin ^ t a ^ Tamax 



70 


85 

500 



300 

nA 

Average Input Offset 
Current Drift 




0.5 







nA/°C 

Input Bias Current 

T a = 25°C 


30 

80 


80 

500 


80 

500 

nA 

t amin ^ t a ^ Tamax 



0.210 



1.5 



0.8 

juiA 

Input Resistance 

T a = 25°C, V s = ±20V 

1.0 

6.0 


0.3 

2.0 


0.3 

2.0 


Mfl 

Tamin ^ T a ^ T A max> 

V s = ±20V 

0.5 



i 

1 






Mft 

Input Voltage Range 

T a = 25°C 







±12 

±13 

HI 

V 

Tamin ^ T a ^ Tamax 




±12 

±13 



I 

HI 

V 

Large Signal Voltage Gain 

T a = 25°C, R L ^ 2 kO 

V s = ±20V, V 0 = ± 15V 
V s = ± 15V, V 0 = ±10V 

50 

t 

1 


50 

200 


20 

200 


V/mV 

V/mV 

Tamin ^ T a ^ T A max. 

R|_ l> 2 kO, 

V s = +20V, V 0 - ±15V 
V s = ± 1 5V, V 0 = ±10V 
V s = ±5V, V 0 = ±2V 

32 

10 



25 



15 



V/mV 

V/mV 

V/mV 
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Electrical Characteristics (Note 3) (continued) 


Parameter 

Conditions 

LM741A/LM741E 

LM741 

LM741C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 




Output Voltage Swing 

V s = ±20V 

R l 2> lOkft 

±16 









V 


R L ;> 2 kft 

±15 









V 


V s = ± 15V 

R l ^ 10 k ft 




±12 

±14 


±12 

±14 


V 


R L ^ 2 m 




±10 

±13 


±10 

±13 


V 

Output Short Circuit 

T a = 25°C 

10 

25 

35 


25 



25 


mA 

Current 

Tamin ^ T a ^ Tamax 

10 


40 







mA 

Common-Mode 

Tamin ^ T a ^ Tamax 











Rejection Ratio 

r s <; io ka v C m = ±i2v 




70 

90 


70 

90 


dB 


R s £ 50 kft, V CM = ± 12V 

80 

95 








dB 

Supply Voltage Rejection 

Tamin ^ Ta ^ Tamax. 











Ratio 

V s = ±20V to V s = ±5V 
R S ^ 50ft 

86 

96 








dB 


R s ^ 10 kft 




77 

96 


77 

96 


dB 

Transient Response 

Ta = 25°C, Unity Gain 











Rise Time 



0.25 

0.8 


0.3 



0.3 


JUS 

Overshoot 



6.0 

20 


5 



5 


% 

Bandwidth (Note 4) 

T a = 25°C 

0.437 

1.5 








MHz 

Slew Rate 

Ta = 25°C, Unity Gain 

0.3 

0.7 



0.5 



0.5 


V/jLlS 

Supply Current 

T a = 25°C 





1.7 

2.8 


1.7 

2.8 

mA 

Power Consumption 

T a = 25°C 

V s = ±20V 


80 

150 







mW 


V s = ±15V 





50 

85 


50 

85 

mW 

LM741A 

V s = +20V 

Ta = Tamin 



165 







mW 


t a = Tamax 



135 







mW 

LM741E 

V s = ±20V 

Ta = Tamin 



150 







mW 


Ta = Tamax 



150 







mW 

LM741 

V S = ±15V 

Ta = Tamin 



f 


60 

100 




mW 


Ta = Tamax 




1 


75 




mW 


Note 1: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and Tj max. (listed under “Absolute Maximum 
Ratings”). Tj = T A + (0jA Pd)- 


Thermal Resistance 

Cerdip (J) 

DIP (N) 

TO-5 (H) 

SO-8 (M) 

0jA (Junction to Ambient) 

100°C/W 

100°C/W 

1 50°C/W 

1 95°C/W 

0jC (Junction to Case) 

N/A 

N/A 

80°C/W 

N/A 


Note 2: For supply voltages less than ± 1 5 V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: Unless otherwise specified, these specifications apply for Vs = ±15V, -55°C ^ Ta ^ +125°C (LM741/LM741A). For the LM741C/LM741E, these 
specifications are limited to 0°C <■ £ +70°C. 

Note 4: Calculated value from: BW (MHz) = 0.35/Rise Time(/ns). 

Note 5: For military specifications see RETS741X for LM741 and RETS741AX for LM741A. 
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LM833 Dual Audio Operational Amplifier 


General Description 

The LM833 is a dual general purpose operational amplifier 
designed with particular emphasis on performance in audio 
systems. 

This dual amplifier 1C utilizes new circuit and processing 
techniques to deliver low noise, high speed and wide band- 
width without increasing external components or decreasing 
stability. The LM833 is internally compensated for all closed 
loop gains and is therefore optimized for all preamp and 
high level stages in PCM and HiFi systems. 

The LM833 is pin-for-pin compatible with industry standard 
dual operational amplifiers. 


Features 


■ Wide dynamic range 

>140 dB 

■ Low input noise voltage 

4.5 nVA/Hz 

■ High slew rate 

7 V/jaS (typ) 


5 V/juls (min) 

■ High gain bandwidth product 

15 MHz (typ) 


10 MHz (min) 

■ Wide power bandwidth 

120 kHz 

■ Low distortion 

0.002% 

■ Low offset voltage 

0.3 mV 

B Large phase margin 

60° 


Schematic Diagram (1/2 lm 833) 



Connection Diagram 



Order Number LM833M or LM833N 
See NS Package Number 
M08A or N08E 


PHONO 
CARTRIDGE 



TL/H/5218-3 


A Weighted, Vin = 10 mV 
@ f = 1 kHz 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


260° C 


Supply Voltage 

Vcc-Vee 

36V 

Differential Input Voltage (Note 1) 

Vid 

±30V 

Input Voltage Range (Note 1) 

Vic 

± 15V 

Power Dissipation (Note 2) 

Pd 

500 mW 

Operating Temperature Range 

Topr 

-40 - 85°C 

Storage Temperature Range 

t stg 

-60 - 150°C 


Soldering Information 
Dual-In-Line Package 
Soldering (10 seconds) 

Small Outline Package 

Vapor Phase (60 seconds) 21 5°C 

Infrared (1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


DC Electrical Characteristics <t a = 25 c, v s = ±i 5 v> 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vos 

Input Offset Voltage 

r s = ion 


0.3 

5 

mV 

>os 

Input Offset Current 



10 

200 

nA 

>B 

Input Bias Current 



500 

1000 

nA 

A V 

Voltage Gain 

R l = 2 kH, v 0 = ±iov 

90 

110 


dB 

VoM 

Output Voltage Swing 

r l = 10 kn 

±12 

±13.5 


V 



r l = 2 kn 

±10 

±13.4 


V 

V CM 

Input Common-Mode Range 


±12 

±14.0 


V 

CMRR 

Common-Mode Rejection Ratio 

V| N = ± 12V 

80 

100 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = 15 — 5V, —15 5 V 

80 

100 


dB 

>Q 

Supply Current 

Vq = 0V, Both Amps 


5 

8 

mA 


AC Electrical Characteristics rr A = 25 -c, v s = ±isv, r l = 2 kn> 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

SR 

Slew Rate 

R L = 2 kn 

5 

7 


V/jms 

GBW 

Gain Bandwidth Product 

f = 100 kHz 

10 

15 


MHz 

Design Electrical Characteristics (t a = 25°c, v s = ±isv) 

The following parameters are not tested or guaranteed. 

Symbol 

Parameter 

Conditions 

Typ 

Units 

AVqs/AT 

Average Temperature Coefficient 
of Input Offset Voltage 


2 

juV/°C 

THD 

Distortion 

R L = 2 kn, f = 20-20 kHz 
v 0UT = 3 Vrms, Ay = 1 

0.002 

% 

e n 

Input Referred Noise Voltage 

R s = 100n,f = 1 kHz 

4.5 

nV/VlHz 

*n 

Input Referred Noise Current 

f = 1 kHz 

0.7 

pA/>/Hz 

PBW 

Power Bandwidth 

V 0 = 27 V pp , R l = 2 kn, THD <; 1 % 

120 

kHz 

fu 

Unity Gain Frequency 

Open Loop 

9 

MHz 

4>m 

Phase Margin 

Open Loop 

60 

deg 


Input Referred Cross Talk 

f = 20-20 kHz 

-120 

dB 


Note 1: If supply voltage is less than ±15V, it is equal to supply voltage. 
Note 2: This is the permissible value at Ta ^ 85°C. 
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LM833 


Typical Performance Characteristics (Continued) 


Spot Noise Voltage 
vs Frequency 
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H 


100 Ik 10k 
FREQUENCY (Hz) 


Spot Noise Current 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 


TL/H/5218-21 


TL/H/5218-22 


Input Referred Noise Voltage 



1 . 1 ■ — ■ — ■ — ■ — ■ — ■ — ■ — ■ — - — 1 

100 Ik 10k 100k 1M 

SOURCE RESISTANCE (0) 

TL/H/5218-23 


Noninverting Amp 


Noninverting Amp 



i 


I 

5 


o 




TIME (0.2 ^tS/DIV) 


TL/H/5218-24 

inverting Amp 


UJ 




TIME (2/ts/DIV) 


TL/H/5218-25 


TIME (2 AtS/OIV) 


TL/H/5218-26 


Application Hints 

The LM833 is a high speed op amp with excellent phase 
margin and stability. Capacitive loads up to 50 pF will cause 
little change in the phase characteristics of the amplifiers 
and are therefore allowable. 


Capacitive loads greater than 50 pF must be isolated from 
the output. The most straightforward way to do this is to put 
a resistor in series with the output. This resistor will also 
prevent excess power dissipation if the output is accidental- 
ly shorted. 
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Noise Measurement Circuit 


Complete shielding is required to prevent induced pick up from external 
sources. Always check with oscilloscope for power line noise. 


+Vcc -Vee 



RIAA PREAMP FLAT AMP. 40 dB +40 dB 

35 dB, 1 = 1 kHz 


TL/H/5218-27 


Total Gain: 1 15 dB @f = 1 kHz 
Input Referred Noise Voltage: e n = V0/560,000 (V) 


RIAA Preamp Voltage Gain, RIAA 



FREQUENCY (Hz) 


Flat Amp Voltage Gain vs 


90 
80 

I 70 
1 60 
S 50 

I 40 

30 
20 

10 100 Ik 10k 100k 

FREQUENCY (Hz) 



TL/H/5218-28 


TL/H/5218-29 



Typical Applications 


NAB Preamp 



Vo 


A v = 34.5 
F = 1 kHz 
E n = 0.38 jitV 
A Weighted 


TL/H/5218-30 


NAB Preamp Voltage Gain 



20 100 Ik 10k 20k 

FREQUENCY (Hz) 

TL/H/5218-31 


Balanced to Single Ended Adder/Subtracter 

Converter 




Sine Wave Oscillator 



Second Order High Pass Filter 
(Butterworth) 


R1 

11k 



fz 


R2 = 2*R1 

Illustration is fo = 1 kHz 


Second Order Low Pass Filter 
(Butterworth) 

ci 

0.022 /tF 



..JL 

Cl 


Illustration is fo = 1 kHz 



Typical Applications (Continued) 


State Variable Filter 


R2 

10k 


f ° 27rC1R'l’ Q 2 l 1 
Illustration is fo = 1 kHz, 



0 = 10, Agp = 1 


AC/DC Converter 



TL/H/5218-38 


2 Channel Panning Circuit (Pan Pot) 


3.41R1 

51k 



Line Driver 

R2 
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PRELIMINARY 


LM837 Low Noise Quad Operational Amplifier 


General Description 

The LM837 is a quad operational amplifier designed for low 
noise, high speed and wide bandwidth performance. It has a 
new type of output stage which can drive a 600H load, mak- 
ing it ideal for almost all digital audio, graphic equalizer, pre- 
amplifiers, and professional audio applications. Its high per- 
formance characteristics also make it suitable for instru- 
mentation applications where low noise is the key consider- 
ation. 

The LM837 is internally compensated for unity gain opera- 
tion. It is pin compatible with most other standard quad op 
amps and can therefore be used to upgrade existing sys- 
tems with little or no change. 


Features 


High slew rate 

10 V/jlis (typ) 
8 V/jlls (min) 

Wide gain bandwidth product 

25 MHz (typ) 
15 MHz (min) 

Power bandwidth 

200 kHz (typ) 

High output current 

±40 mA 

Excellent output drive performance 

> 600ft 

Low input noise voltage 

4.5 nVA/Hz 

Low total harmonic distortion 

0.0015% 

Low offset voltage 

0.3 mV 


Schematic and Connection Diagrams 


1/4 Quad 



Dual-ln-Line Package 



TL/H/9047-2 

Top View 


Order Number LM837M or LM837N 
See NS Package Number M14A or 
N14A 
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LM837 



LM837 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage 

Vcc/Vee 

±18V 

Differential Input Voltage (Note 

1) V 1D 

+ 30V 

Common Mode Input Voltage 



(Note 1) 

V|C 

± 15V 

Power Dissipation (Note 2) 

Pd 

1.2W(N) 



830 mW (M) 

Operating Temperature Range 

ToPR 

— 40°C to + 85°C 

Storage Temperature Range 

Tstg 

— 60°C to + 1 50°C 


Soldering Information 
Dual-ln-Line Package 

Soldering (1 0 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 21 5°C 

I nfrared (1 5 seconds) 220°C 

ESD rating is to be determined. 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


DC Electrical Characteristics t a = 25 c, v s = ±isv 


Symbol 

Parameter 

Condition 

Min 

Typ 

Max 

Units 

Vos 

Input Offset Voltage 

Rg = 50ft 


0.3 

5 

mV 

•OS 

Input Offset Current 



10 

200 

nA 

>b 

Input Bias Current 



500 

1000 

nA 

A V 

Large Signal Voltage Gain 

R l = 2 kft, Vqut = ±10V 

90 

110 


dB 

V OM 

Output Voltage Swing 

R l = 2 kft 

±12 

±13.5 


V 

R[_ = 600ft 

±10 

±12.5 


V 

V CM 

Common Mode Input Voltage 


±12 

±14.0 


V 

CMRR 

Common Mode Rejection Ratio 

V| N = ± 12V 

80 

100 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = 15 ~ 5, -15 5 

80 

100 


dB 

•s 

Power Supply Current 

Rl = 00 , Four Amps 


10 

15 

mA 


AC Electrical Characteristics t a = 25 c, v s = ±isv 


Symbol 

Parameter 

Condition 

Min 

Typ 

Max 

Units 

SR 

Slew Rate 

Rl = 600ft 

8 

10 


V/jLlS 

GBW 

Gain Bandwidth Product 

f = 100 kHz, R l = 600ft 

15 

25 


MHz 


Design Electrical Characteristics t a = 25°c,v s = ±isv(Note3) 


Symbol 

Parameter 

Condition 

Min 

Typ 

Max 

Units 

PBW 

Power Bandwidth 

V 0 = 25 Vp.p, R l = 600ft, THD < 1 % 


200 


kHz 

e n1 

Equivalent Input Noise Voltage 

J IS A, R s = 100ft 


0.5 


/xV 

e n2 

Equivalent Input Noise Voltage 

f = 1 kHz 


4.5 


nV/VHz 

■n 

Equivalent Input Noise Current 

f = 1 kHz 


0.7 


pA/VHz 

THD 

Total Harmonic Distortion 

Ay = 1 , Vqut = 3 Vrms, 
f = 20 ~ 20 kHz, R l = 600ft 


0.0015 


% 

fu 

Zero Cross Frequency 

Open Loop 


12 


MHz 


Phase Margin 

Open Loop 


45 


deg 


Input-Referred Crosstalk 

f = 20 ~ 20 kHz 


-120 


dB 

AV 0S /AT 

Average TC of Input Offset Voltage 



2 


jaV/°C 


Note 1: Unless otherwise specified the absolute maximum input voltage is equal to the power supply voltage. 

Note 2: For operation at ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal 
resistance, junction to ambient, as follows: LM837N, 90°C/W; LM837M, 150°C/W. 

Note 3: The following parameters are not tested or guaranteed. 
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LM837 


Typical Performance Characteristics 


Maximum Power Dissipation vs 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Normalized Input Bias Current 



0 5 10 15 20 


SUPPLY VOLTAGE (*V) 


Normalized Input Bias Current 



-50 -25 0 25 50 75 100 125 150 

AMBIENT TEMPERATURE (°C) 



0 5 10 15 20 


Supply Current vs 
Ambient Temperature 
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SUPPLY VOLTAGE (V) 
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Negative Current Limit 

■20 I I | I I -| ' | -| - 1 I 


1 

v s 

n 

=± 

5V 







>> 

V 

N 

s 










s 

V 

40°C 






2 

5°C 

1_J 

□ 

85°C 

1 



0 10 20 30 40 50 60 70 80 90 100 
OUTPUT SINK CURRENT (mA) 


Maximum Output Voltage 



0 5 10 15 20 
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Maximum Output Voltage 
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Maximum Output Voltage 
vs Ambient Temperature 
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LM1558/LM1458 Dual Operational Amplifier 


General Description 

The LM1558 and the LM1458 are general purpose dual op- 
erational amplifiers. The two amplifiers share a common 
bias network and power supply leads. Otherwise, their oper- 
ation is completely independent. 

The LM1458 is identical to the LM1558 except that the 
LM1458 has its specifications guaranteed over the tempera- 
ture range from 0°C to +70°C instead of -55°C to 
+ 125°C. 


Features 

■ No frequency compensation required 

■ Short-circuit protection 

■ Wide common-mode and differential voltage ranges 

■ Low-power consumption 

■ 8-lead TO-5 and 8-lead mini DIP 

■ No latch up when input common mode range is 
exceeded 


Schematic and Connection Diagrams 



Metal Can Package 


Dual-ln-Line Package 


v + 



TL/H/7886-2 

Top View 

Order Number LM1558H 
or LM1458H 

See NS Package Number H08C 



v + 

OUTPUT B 

INVERTING INPUT B 

NON-INVERTING 
INPUT B 

TL/H/7886-3 


Order Number LM1558J, LM1458J, LM1458M or LM1458N 
See NS Package Number J08A, M08A or N08E 
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LM1558/LM1458 




LM1558/LM1458 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 4) 

Supply Voltage 


LM1558 

±22V 

LM1458 

± 18V 

Power Dissipation (Note 1) 

LM1 558H/LM1 458H 

500 mW 

LM1458N 

400 mW 

Differential Input Voltage 

±30V 

Input Voltage (Note 2) 

± 15V 

Output Short-Circuit Duration 

Indefinite 


Operating Temperature Range 
LM1558 
LM1458 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 
Soldering Information 
DuaMn-Line Package 
Soldering (10 seconds) 

Small Outline Package 
Vapor Phase (60 seconds) 
Infrared (15 seconds) 


— 55°C to + 1 25°C 
0°C to +70°C 


— 65°C to + 1 50°C 
260°C 


260°C 

215°C 

220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


ESD rating to be determined. 


Electrical Characteristics (Note 3) 


Parameter 

Conditions 

LM1558 

LM1458 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

T a = 25°c, R s <; 10 kQ 


1.0 




6.0 

mV 

Input Offset Current 

Ta = 25° C 


80 




200 

nA 

Input Bias Current 

T a = 25°C 





200 

500 

nA 

Input Resistance 

T a = 25°C 

0.3 






M a 

Supply Current Both 
Amplifiers 

T a = 25°C,V S = ± 15V 






5.6 

mA 

Large Signal Voltage Gain 

T a = 25°C,V S = +15V 
Vout= ±10V, R L ^ 2 kH 

50 

160 

HI 




V/mV 

Input Offset Voltage 

R s ^ 10 kH 



6.0 



mm 

mV 

Input Offset Current 




500 




nA 

Input Bias Current 




1.5 



0.8 

juA 

Large Signal Voltage Gain 





15 


m 

V/mV 

Output Voltage Swing 





±12 

±14 


V 




±10 

±13 


V 

Input Voltage Range 

Vs = ± 15V 

±12 



nni 



V 

Common Mode 

Rejection Ratio 

R s ^ 10 k CL 

70 

90 

■ 

D 

90 

■ 

dB 

Supply Voltage 

Rejection Ratio 

R s ^ 10 kH 







dB 


Note 1: The maximum junction temperature of the LM1 558 is 1 50°C, while that of the LM1 458 is 1 00°C. For operating at elevated temperatures, devices in the TO- 
5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient or 45°C/W, junction to case. For the DIP the device must be derated 
based on a thermal resistance of 187°C/W, junction to ambient. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: These specifications apply for Vs = ± 1 5V and - 55°C ^ T A ^ 1 25°C, unless otherwise specified. With the LM1 458, however, all specifications are limited 
to 0°C £ T a <: 70°C and V s = ±15V. 

Note 4: Refer to RETS 1558V for LM1558J and LM1558H military specifications. 
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LM2900/LM3900, LM3301, LM3401 Quad Amplifiers 


General Description 

The LM2900 series consists of four independent, dual input, 
internally compensated amplifiers which were designed 
specifically to operate off of a single power supply voltage 
and to provide a large output voltage swing. These amplifi- 
ers make use of a current mirror to achieve the non-invert- 
ing input function. Application areas include: ac amplifiers, 
RC active filters, low frequency triangle, squarewave and 
pulse waveform generation circuits, tachometers and low 
speed, high voltage digital logic gates. 


Features 

■ Wide single supply voltage 4 Vqc to 32 Vqc 

Range or dual supplies ±2 Vqc to ±16 Vqc 

■ Supply current drain independent of supply voltage 

■ Low input biasing current 30 nA 

■ High open-loop gain 70 dB 

■ Wide bandwidth 2.5 MHz (unity gain) 

■ Large output voltage swing (V + - 1) Vp-p 

■ Internally frequency compensated for unity gain 

■ Output short-circuit protection 


Schematic and Connection Diagrams 



mirror See NS Package Number N14A 


TL/H/7936-1 

Order Number LM3900M 
See NS Package Number M14A 
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LM2900/LM3900/LM3301/LM3401 



LM2900/LM3900/LM3301/LM3401 


Absolute Maximum Ratings 


If Military/ Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for 
availability and specifications. 



LM2900/LM3900 

LM3301 

LM3401 

Supply Voltage 

32 V DC 

28 V DC 

18 Vdc 

Power Dissipation (Ta = 25°C) (Note 1) 

±16V 0 c 

1220 mW 

±14 Vqc 

±9 v dc 

Molded DIP 

1080 mW 

1080 mW 

1080 mW 

Input Currents, I|n + or I|n“ 

20 mApc 

20 mApc 

20 mA D c 

Output Short-Circuit Duration — One Amplifier 

Continuous 

Continuous 

Continuous 

Ta = 25°C (See Application Hints) 

Operating Temperature Range 

LM2900 

LM3900 

— 40°C to +85°C 

0°C to +70°C 

— 40°Cto +85°C 

0°Cto + 75°C 

Storage Temperature Range 

— 65°C to + 1 50°C 

— 65°Cto + 1 50°C 

— 65°Cto + 1 50°C 

Lead Temperature (Soldering, 10 sec.) 

260°C 

260°C 

260°C 

Soldering Information 

Dual-In-Line Package 

Soldering (1 0 sec.) 

260°C 

260°C 

260°C 

Small Outline Package 

Vapor Phase (60 sec.) 

215°C 

215°C 

215°C 

Infrared (1 5 sec.) 

220°C 

220°C 

220°C 


See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount 
devices. 

ESD rating to be determined. 


Electrical Characteristics Ta = 25°C, V + = 15 Vdc, unless otherwise stated 


Parameter 

Conditions 

LM2900 

LM3900 

LM3301 


Units 

BIB 

Efl 


OH 

BB 



BB 



BB 


Open 

Loop 

Voltage Gain 

Over Temp. 

AV 0 = 10 V DC 

Inverting Input 


□ 



n 


n 



m 



V/mV 

Voltage Gain 

m 

m 


IB 

m 


IB 

m 


m 

m 


Input Resistance 


i 



i 



i 


EB 

B 


Mft 

Output Resistance 


8 



8 



9 



8 


kft 

Unity Gain Bandwidth 

Inverting Input 


m 



Q3 



m 





MHz 

Input Bias Current 

Inverting Input, V + = 5 Vdc 
I nverting Input 


30 

200 

■ 



■ 




30 

300 

500 

nA 

Slew Rate 

Positive Output Swing 

Negative Output Swing 


0.5 

20 

■ 

■ 

0.5 

20 

■ 

■ 

0.5 

20 

I 

■ 

0.5 

20 


V/jxs 

Supply Current 

r l = °o On All Amplifiers 


fH 

m 


03 

m 


BH 

Bl 

n 

fH 

Bl 


Output 

Voltage 

Swing 

Vout High 

R l = 2k, 

V + = 15.0 V DC 

V + = Absolute 
Maximum Ratings 

•in = 0. 

I| N + = 0 


■ 

■ 

13.5 

■ 

■ 

13.5 

■ 

■ 


■ 

■ 

Vdc 

Vout Low 

l|N = 10p.A, 
1| N + = 0 

i 


0.2 

■ 



■ 



i 




•in" = o, 
l| N + = 0 

Rl = °°, 

29.5 

i 

i 


i 

1 


i 

1 

16.0 

i 

1 

Output 

Current 

Capability 



B 

m 

i 


E3 


S 


B 

B 

m 



Sink 

(Note 2) 

03 

IB 



IB 


03 

IB 

■ 


IB 


•sink 

V 0L = IV.IijvT = 5/aA 

□ 

E 


r 

E 


r 

B 

m 

r 

E 
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Electrical Characteristics (Note 6), V + = 15 Vqc. unless otherwise stated (Continued) 


Parameter 

Conditions 

LM2900 

LM3900 

LM3301 

LM3401 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Power Supply Rejection 

T a = 25°C, f = 100 Hz 


70 



70 



70 



70 


dB 

Mirror Gain 

@ 20 jllA (Note 3) 

0.90 

1.0 

1.1 

0.90 

1.0 

1.1 

0.90 

1 

1.10 

0.90 

1 

1.10 

juA/juA 


@ 200 juA (Note 3) 

0.90 

1.0 

1.1 

0.90 

1.0 

1.1 

0.90 

1 

1.10 

0.90 

1 

1.10 

AMirror Gain 

@20 jliA to 200 juA (Note 3) 


2 

5 


2 

5 


2 

5 


2 

5 

% 


(Note 4) 


m 



10 

500 


10 

500 


10 

500 

Mdc 

Negative Input Current 



ra 

|B 


1.0 



1.0 



1.0 


mAoc 

Input Bias Current 

Inverting Input 





300 








nA 


Note 1: For operating at high temperatures, the device must be derated based on a 125°C maximum junction temperature and a thermal resistance of 92°C/W 
which applies for the device soldered in a printed circuit board, operating in a still air ambient. 


Note 2: The output current sink capability can be increased for large signal conditions by overdriving the inverting input. This is shown in the section on Typical 
Characteristics. 

Note 3: This spec indicates the current gain of the current mirror which is used as the non-inverting input. 

Note 4: Input Vbe match between the non-inverting and the inverting inputs occurs for a mirror current (non-inverting input current) of approximately 10 ju,A. This is 
therefore a typical design center for many of the application circuits. 

Note 5: Clamp transistors are included on the 1C to prevent the input voltages from swinging below ground more than approximately -0.3 Vqc. The negative input 
currents which may result from large signal overdrive with capacitance input coupling need to be externally limited to values of approximately 1 mA. Negative input 
currents in excess of 4 mA will cause the output voltage to drop to a low voltage. This maximum current applies to any one of the input terminals. If more than one 
of the input terminals are simultaneously driven negative smaller maximum currents are allowed. Common-mode current biasing can be used to prevent negative 
input voltages; see for example, the “Differentiator Circuit” in the applications section. 

Note 6: These specs apply for -40°C ^ Ta ^ +85°C, unless otherwise stated. 

Application Hints 

When driving either input from a low-impedance source, a 
limiting resistor should be placed in series with the input 
lead to limit the peak input current. Currents as large as 
20 mA will not damage the device, but the current mirror on 
the non-inverting input will saturate and cause a loss of mir- 
ror gain at mA current levels — especially at high operating 
temperatures. 

Precautions should be taken to insure that the power supply 
for the integrated circuit never becomes reversed in polarity 
or that the unit is not inadvertently installed backwards in a 
test socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Output short circuits either to ground or to the positive pow- 
er supply should be of short time duration. Units can be 
destroyed, not as a result of the short circuit current causing 
metal fusing, but rather due to the large increase in 1C chip 
dissipation which will cause eventual failure due to exces- 
sive junction temperatures. For example, when operating 
from a well-regulated +5 Vqc power supply at Ta = 25°C 
with a 100 kfl shunt-feedback resistor (from the output to 
the inverting input) a short directly to the power supply will 
not cause catastrophic failure but the current magnitude will 
be approximately 50 mA and the junction temperature will 
be above Tj max. Larger feedback resistors will reduce the 
current, 1 1 Mfl provides approximately 30 mA, an open cir- 
cuit provides 1.3 mA, and a direct connection from the out- 
put to the non-inverting input will result in catastrophic fail- 
ure when the output is shorted to V + as this then places the 
base-emitter junction of the input transistor directly across 
the power supply. Short-circuits to ground will have magni- 
tudes of approximately 30 mA and will not cause cata- 
strophic failure at Ta = 25°C. 


Unintentional signal coupling from the output to the non-in- 
verting input can cause oscillations. This is likely only in 
breadboard hook-ups with long component leads and can 
be prevented by a more careful lead dress or by locating the 
non-inverting input biasing resistor close to the 1C. A quick 
check of this condition is to bypass the non-inverting input 
to ground with a capacitor. High impedance biasing resis- 
tors used in the non-inverting input circuit make this input 
lead highly susceptible to unintentional AC signal pickup. 
Operation of this amplifier can be best understood by notic- 
ing that input currents are differenced at the inverting-input 
terminal and this difference current then flows through the 
external feedback resistor to produce the output voltage. 
Common-mode current biasing is generally useful to allow 
operating with signal levels near ground or even negative as 
this maintains the inputs biased at +Vbe- Internal clamp 
transistors (see note 5) catch-negative input voltages at ap- 
proximately -0.3 Vqc but the magnitude of current flow has 
to be limited by the external input network. For operation at 
high temperature, this limit should be approximately 1 00 ju. A. 
This new “Norton” current-differencing amplifier can be 
used in most of the applications of a standard 1C op amp. 
Performance as a DC amplifier using only a single supply is 
not as precise as a standard 1C op amp operating with split 
supplies but is adequate in many less critical applications. 
New functions are made possible with this amplifier which 
are useful in single power supply systems. For example, 
biasing can be designed separately from the AC gain as was 
shown in the “inverting amplifier,” the “difference integra- 
tor” allows controlling the charging and the discharging of 
the integrating capacitor with positive voltages, and the “fre- 
quency doubling tachometer” provides a simple circuit 
which reduces the ripple voltage on a tachometer output DC 
voltage. 


2-469 


LM2900/LM3900/LM3301/LM3401 




o 

CO 


Typical Performance Characteristics 




-55 -25 5 35 65 95 125 

T a - TEMPERATURE (°C) 


Supply Current 


E 

i 


ra 





P 

= 

- 

TA 

M 

■j 

K 



s 

mrm 

■i 

u 

i 

i 

3 

i 

I 

L 


_ 



j 


0 5 10 15 20 25 30 

V + -SUPPLY VOLTAGE (Vdc) 


Large Signal Frequency 
Response 



100 Ik 10k 100k 1M 10M 

f- FREQUENCY (Hz) 


Output Sink Current 



0 5 10 15 20 25 30 


V + - SUPPLY VOLTAGE (V oc ) 


Output Class-A Bias Current 










t a=; 

-55^C T a 

= 25°C 


F= 



= 

-F= 

=m= 

T a = 85°C 

t a = 

125"C 


0 5 10 15 20 25 30 

V + - SUPPLY VOLTAGE (Vdc) 


Output Source Current 



0 5 10 15 20 25 30 


V + - SUPPLY VOLTAGE (Vnc) 



Mirror Gain 



T a - TEMPERATURE <°C) 


Maximum Mirror Current 



-55 -25 5 35 65 95 125 

T a - TEMPERATURE ( C) 


TL/H/7936-9 








LM2900/LM3900/LM3301 /LM340 1 



2-472 










Typical Applications (v + = 1 5 v DC ) (continued) 

Low-Voltage Comparator 

v + 

O No negative voltage limit if 


properly biased. 


Power Comparator 
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Typical Applications <v + = 1 5 v DC > (continued) 


Supplying Iin with Aux. Amp 
(to Allow Hi-Z Feedback Networks) 



TL/H/7936-40 


One-Shot Multivibrator 

2M 1M 




TL/H/7936-41 


2 
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Typical Applications <v + = 1 5 v DC ) (continued) 


Phase-Locked Loop 



TL/H/7936-49 


Boosting to 300 mA Loads 


V + (15V dc ) 



TL/H/7936-50 




LM2900/LM3900/LM3301/LM3401 


Split-Supply Applications tv+ = +isv DC &v- = -i5v DC ) 

Non-Inverting DC Gain 

+15.00 V DC * 



TL/H/7936-51 


AC Amplifier 



TL/H/7936-52 
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National 

Semiconductor 

Corporation 


LM3080/LM3080A 

Operational Transconductance Amplifier 


General Description 

The LM3080 is a programmable transconductance block in- 
tended to fulfill a wide variety of variable gain applications. 
The LM3080 has differential inputs and high impedance 
push-pull outputs. The device has high input impedance and 
its transconductance (g m ) is directly proportional to the am- 
plifier bias current (Iabc)- 

High slew rate together with programmable gain make the 
LM3080 an ideal choice for variable gain applications such 
as sample and hold, multiplexing, filtering, and multiplying. 
The LM3080N and LM3080AN are guaranteed from 0°C to 
+ 70°C. 


Features 

D Slew rate (unity gain compensated): 50 V/ju,s 
a Fully adjustable gain: 0 to g m • Rl limit 
n Extended g m linearity: 3 decades 
B Flexible supply voltage range: ±2V to ±18V 
□ Adjustable power consumption 


Schematic and Connection Diagrams 



TL/H/7148-1 


Dual-ln-Line Package 



NC 


V+ 


AMPLIFIER 
BIAS INPUT 


Order Number LM3080AN or LM3080N 
See NS Package Number N08E 


TL/H/7148-2 
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LM3080/LM3080A 



LM3080/LM3080A 


Absolute Maximum Ratings 








If Military/ Aerospace specified devices are required, Amplifier Bias Current (Iabc) 




2 mA 

contact the National Semiconductor Sales Office/ DC InDut Voltaae 




+ Ve tO 

-Vo 

Distributors for availability and specifications. short Circuit Duration 


Indefinite 1 

Supply Voltage (Note 2) 

1 M^ORO 

4 - o\/ Operating Temperature Range 




LM3080A 

,U¥ 

±22V 

LM3080N or LM3080AN 



0°Cto +70°C | 

Power Dissipation 

Differential Input Voltage 

psn w Storage Temperature Range 

— 65°Cto +150°C j 

, . Lead T emperature (Soldering, 1 0 sec.) 

±5V 

260°C 

Electrical Characteristics (Note d 








Parameter 

Conditions 


LM3080 



LM3080A 

Units 






Min 

Typ 

Max 

Min 

Typ 

Max 




Input Offset Voltage 



0.4 

5 



2 

mV 


Over Specified Temperature Range 



6 



5 

mV 


Iabc = 5 /xA 


0.3 




2 

mV 

Input Offset Voltage Change 

5 /aA <; Iabc ^ 500 j^a 


0.1 




3 

mV 

Input Offset Current 



0.1 

0.6 


0.1 

0.6 

/aA 

Input Bias Current 



0.4 

5 




julA 


Over Specified Temperature Range 


1 

7 




ju,A 

Forward Transconductance (g m ) 


6700 

9600 

13000 

7700 

9600 

12000 

p,mho 


Over Specified Temperature Range 

5400 



4000 



jutmho 

Peak Output Current 

Rl = o. >abc = 5 /xA 


5 


3 

5 

7 

juA 


R L = 0 

350 


650 

350 

500 

650 

fiA 


R L = 0 

OverSpecified Temperature Range 

300 



300 



julA 

Peak Output Voltage 






Hi 



Positive 


+ 12 

+ 14.2 


+ 12 

K 

IjggE 

V 

Negative 


-12 

-14.4 


-12 

E EB 

E 

V 

Amplifier Supply Current 



1.1 



i.i 


mA 

Input Offset Voltage Sensitivity 



■I 

ni 

m 

WM 

■a 

M 

Positive 

AVoffset/AV+ 


mm 



mm 


m 

Negative 

AVqfFSET/AV- 


mm 


MB 

mm 

E 

iM 

Common Mode Rejection Ratio 


80 

110 





dB 

Common Mode Range 


±12 

±14 


±12 

±14 


V 

Input Resistance 


10 

26 





k (1 

Magnitude of Leakage Current 

> 

CD 

o 

11 

o 






5 


Differential Input Current 

Iabc = 0, Input = ±4V 


0.02 

100 


0.02 

5 


Open Loop Bandwidth 



2 



2 



Slew Rate 

Unity Gain Compensated 


50 



50 


V/]LIS 

Note 1: These specifications apply for Vs = ±15V and Ta = 25°C, amplifier bias current (Iabc) 

= 500 fiA, unless otherwise specified. 



Note 2: Selection to supply voltage above ±22V, contact the factory. 
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Typical Performance Characteristics 
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National 

Semiconductor 

Corporation 


LM4250/LM4250C Programmable Operational Amplifier 


General Description 


The LM4250 and LM4250C are extremely versatile pro- 
grammable monolithic operational amplifiers. A single exter- 
nal master bias current setting resistor programs the input 
bias current, input offset current, quiescent power consump- 
tion, slew rate, input noise, and the gain-bandwidth product. 
The device is a truly general purpose operational amplifier. 
The LM4250C is identical to the LM4250 except that the 
LM4250C has its performance guaranteed over a 0°C to 
+ 70°C temperature range instead of the - 55°C to + 1 25°C 
temperature range of the LM4250. 


Features 

■ ± 1 V to ± 1 8V power supply operation 

■ 3 nA input offset current 

■ Standby power consumption as low as 500 nW 

■ No frequency compensation required 

■ Programmable electrical characteristics 

■ Offset voltage nulling capability 

■ Can be powered by two flashlight batteries 
b Short circuit protection 


Typical Applications 

X5 Difference Amplifier 


500 Nano-Watt XI 0 Amplifier 



i i^r 8 6 -i.ov 

R3 s s r set 
300K< <12M 


Quiescent Pq = 0.6 mW 


Quiescent Pp = 500 mW 


Connection Diagrams 

Metal Can Package 

QUIESCENT 
CURRENT SET 


Dual-ln-Line Package 



NON-INVERTING 


Top View 

Order Number LM4250H or LM4250CH 
See NS Package Number H08C 



NON-INVERTING . 


Top View 

Order Number LM4250J, LM4250CJ, 
LM4250CN or LM4250M 
See NS Package Number J08A, M08A or N08E 
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LM4250/LM4250C 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for 
availability and specifications. 

(Note 2) 



LM4250 

LM4250C 

Supply Voltage 

± 18V 

± 18V 

Operating Temp. Range 

— 55°C ^ T a ^ + 1 25°C 

0°C ^ T A ^ +70°C 

Differential Input Voltage 

±30V 

+ 30V 

Input Voltage (Note 1) 

±15V 

± 15V 

•set Current 

150 nA 

150 nA 

Output Short Circuit Duration 

Indefinite 

Indefinite 

Tjmax 

H-Package 

1 50°C 

100°C 

N-Package 


100°C 

J-Package 

150°C 

100°C 

M-Package 


100°C 

Power Dissipation at Ta = 25°C 

H-Package (Still Air) 

500 mW 

300 mW 

(400 LF/Min Air Flow) 

1200 mW 

1200 mW 

N-Package 


500 mW 

J-Package 

1000 mW 

600 mW 

M-Package 


350 mW 

Thermal Resistance (Typical) 0j A 

H-Package (Still Air) 

225°C/W 

225°C/W 

(400 LF/Min Air Flow) 

90°C/W 

90°C/W 

N-Package 


130°C/W 

J-Package 

108°C/W 

1 08°C/W 

M-Package 


1 90°C/W 

(Typical) ffjc 

H-Package (Still Air) 

25°C/W 

25°C/W 

(400 LF/Min Air Flow) 

10°C/W 

10°C/W 

Storage Temperature Range 

— 65°C to + 1 50°C 

— 65°C to + 150°C 

Soldering Information 

Dual-ln-Line Package 

Soldering (1 0 seconds) 

260°C 


Small Outline Package 

Vapor Phase (60 seconds) 

215°C 


Infrared (1 5 seconds) 

220°C 



See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD rating to be determined. 

Note 1: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 
Note 2: Refer to RETS4250X for military specifications. 

Resistor Biasing 


Set Current Setting Resistor to V - 


•set 1 

Vs 

0.1 jllA 

0.5 juA 

1.0 juA 

5 jjlA 

IOjliA 

± 1.5V 

25.6 M Q 

5.04 Ma 

2.5 Ma 

492 ka 

244 ka 

±3.0V 

55.6 Ma 

n.o Ma 

5.5 Ma 

1.09 Ma 

544 ka 

+ 6.0V 

116MH 

23.0 Ma 

11.5 Ma 

2.29 Ma 

1.14Ma 

±9.0V 

176 Ma 

35.0 Ma 

17.5 Ma 

3.49 Ma 

1.74 Ma 

± 12.0V 

236 Ma 

47.0 Ma 

23.5 Ma 

4.69 Ma 

2.34 Ma 

± 15.0V 

296 Ma 

59.0 Ma 

29.5 Ma 

5.89 Ma 

2.94 Ma 
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Electrical Characteristics LM4250(-55°C<;T A <; +125°Cunlessotherwisespecified.)T A = Tj 

Parameter 

Conditions 

V s = ± 1.5 V 

•set = 1 pA 

■set = 10 /aA 

Min 

Max 

Min 

Max 

Vos 

Rg ^ 100 kft,T A = 25°C 


3 mV 


5 mV 

los 

T a = 25°C 


3 nA 


10 nA 

Ibias 

T a = 25°C 


7.5 nA 


50 nA 

Large Signal Voltage 

Gain 

R L = 100 ka, T a = 25°C 

V 0 = +0.6V, R l = 10 ka 

40k 


50k 


Supply Current 

T a = 25°C 


7.5 /xA 


80 julA 

Power Consumption 

T a = 25°C 


23 jtxW 


240 jaW 

Vos 

r s ^ ioo ka 


4 mV 


6 mV 

<OS 

T a = + 125°C 

T a = — 55°C 


5 nA 

3 nA 


10 nA 

10 nA 

Ibias 



7.5 nA 


50 nA 

Input Voltage Range 


±0.6V 


±0.6V 


Large Signal Voltage 

Gain 

V 0 = ±0.5V, R L = 100ka 

r l = io ka 

30k 


30k 


Output Voltage Swing 

r l = ioo ka 

R|_ = 10 ka 

±0.6V 


+ 0.6V 


Common Mode Rejection Ratio 

R§ ^ io ka 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

R s ^ 10 ka 

76 dB 


76 dB 


Supply Current 



8 fxA 


90 jliA 

Power Consumption 



24 /xW 


270 /xW 


Parameter 


V s = ± 15V 

Conditions 

■set = 1 

•set = 10 fxA 


Min 

Max 

Min 

Max 

Vos 

R s ^ 100 ka,T A = 25°C 


3 mV 


5 mV 

los 

T a = 25°C 


3 nA 


10 nA 

Ibias 

T a = 25°C 


7.5 nA 


50 nA 

Large Signal Voltage 

Gain 

R l = 100 ka,T A = 25°C 

v 0 = ±iov, r l = io ka 

100k 


100k 


Supply Current 

T a = 25° C 


IOjliA 


90 ju, A 

Power Consumption 

T a = 25°C 


300 ju,W 


2.7 mW 

Vos 

R s ^ 1 00 ka 


4 mV 


6 mV 

los 

T a = +125°C 

T a = — 55°C 


25 nA 

3 nA 


25 nA 

10 nA 

Ibias 



7.5 nA 


50 nA 

Input Voltage Range 


± 13.5V 


± 13.5V 


Large Signal Voltage 

Gain 

V 0 = ± 10 V,R l = 100 ka 
r l = io ka 

50k 


50k 


Output Voltage Swing 

r l = ioo ka 
r l = io ka 

± 12V 


± 12V 


Common Mode Rejection Ratio 

R s ^ io ka 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

R s ^ io ka 

76 dB 


76 dB 


Supply Current 



11 jliA 


100 jxA 

Power Consumption 



330 juW 


3 mW 
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LM4250/LM4250C 


Electrical Characteristics LM4250C(-55 o C T a <; + 125°C unless otherwise specified.) T a = Tj 

Parameter 

Conditions 

V s = ± 1.5V 

•set = 1 /aA 

■SET = 10 

Min 

Max 

Min 

Max 

Vos 

R s ^ 100 kn,T A = 25°C 


5 mV 


6 mV 

•os 

T a = 25°C 


6nA 


20 nA 

Ibias 

T a = 25°C 


10 nA 


75 nA 

Large Signal Voltage 

Gain 

R l = 100ka,T A = 25°C 

V 0 = ±0.6V, R L = 10 kn 

25k 


25k 


Supply Current 

T a = 25°C 




90 jx A 

Power Consumption 

T a = 25°C 


24 jiiW 


270 jxW 

Vos 

Rs ^io kn 


6.5 mV 


7.5 mV 

>OS 



8 nA 


25 nA 

'bias 



10 nA 


80 nA 

Input Voltage Range 




±0.6V 


Large Signal Voltage 

Gain 

V 0 = ±0.5V, R L = 100kn 
r l = io kn 

m 


25k 


Output Voltage Swing 

r l = ioo kn 
r l = io kn 





Common Mode Rejection Ratio 

Rs ^io kn 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

R s ^ 10 kn 

74 dB 


74 dB 




w^m 



90 jxA 

Power Consumption 



24 jliW 


270 jmW 


Parameter 


V S =±15V | 

Conditions 

■SET = 1 ^A 

■SET = 10 ix A 


Min 

Max 

Min 

Max 

Vos 

Rs ^ 100 kn,T A = 25°C 


5 mV 


6 mV 

los 

T a = 25°C 


6 nA 


20 nA 

Ibias 

T a = 25°C 


10 nA 


75 nA 

Large Signal Voltage 

Gain 

R L = 100 kn,T A = 25°C 
v 0 = ±iov, r l = io kn 

60k 


60k 


Supply Current 

T a = 25°C 


11 juA 


100 ix A 

Power Consumption 

T a = 25°C 


330 /xW 


3 mW 

Vos 

R s ^ 100 kn 


6.5 mV 


7.5 mV 

•os 



8 nA 


25 nA 

Ibias 





80 nA 

Input Voltage Range 


± 13.5V 



!■■■ 

Large Signal Voltage 

Gain 

v 0 = ±iov,r l = ioo kn 
r l = io kn 

50k 


50k 


Output Voltage Swing 

R|_ = 100 kn 
r l = io kn 

±12V 


± 12V 


Common Mode Rejection Ratio 

R s £ 10 kn 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

R s ^ 10 kn 



74 dB 


Supply Current 



11 julA 


100 ix A 

Power Consumption 





3 mW 
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UNNULLED CHANGE FROM 

SLEW RATE (V/^s) V 0p . p (V) v os AT l SET =10/xA (mV) ■ BIAS (M) 


Typical Performance Characteristics 


Input Bias Current vs Input Offset Current vs 


Input Bias Current vs Iset Temperature Temperature 



0.1 1 10 100 -60 -20 20 60 100 140 -60 -20 20 60 100 140 


l SET (pA) TEMPERATURE (°C) TEMPERATURE (°C) 

Unnulled Input Offset Voltage Unnulled Input Offset Voltage Peak to Peak Output Voltage 



0.1 1.0 10 100 => -60 -20 20 60 100 140 IK 10K 100K 1M 

l SET OiA) TEMPERATURE (°C) R L (II) 


Peak to Peak Output Voltage Quiescent Current (l q ) vs 

Swing vs Supply Voltage T emperature Quiescent Current (l q ) vs Iset 



SUPPLY VOLTAGE (V) TEMPERATURE (°C) l SEr (/xA) 


Gain Bandwidth Product Open Loop Voltage Gain 



0.01 0.1 1 10 100 0.1 1.0 10 100 0.1 1.0 1 100 


Iset (M) 'set (M) i S et (M) 

TL/H/9300-6 
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LM4250/LM4250C 
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Typical Applications (Continued) 

Rset Connected to V~ Rset Connected to Ground 




Iset Equations: 

__ V + + lV~l - 0.5 where Rset is 
SET ~ r S et connected to V - . 

; _ V + - 0.5 where Rset is 

SET ~ R S et connected to ground. 


T ransistor Current Sourcing Biasing FET Current Sourcing Biasing 


Offset Null Circuit 





*R1 limits Iset maximum TL/H/9300-12 

Schematic Diagram 


7 



TL/H/9300-1 


2 
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LM6161/LM6261/LM6361 


National 

Semiconductor 

Corporation 


PRELIMINARY 



LM6161/LM6261/LM6361 
High Speed Operational Amplifier 


General Description 

The LM6161 family of high-speed amplifiers exhibits an ex- 
cellent speed-power product in delivering 300 V/jas and 
50 MHz unity gain stability with only 5 mA of supply current. 
Further power savings and application convenience are 
possible by taking advantage of the wide dynamic range in 
operating supply voltage which extends all the way down to 
+ 5V. 

These amplifiers are built with National’s new VIPtm (Verti- 
cally Integrated PNP) process which provides fast PNP tran- 
sistors that are true complements to the already fast NPN 
devices. This advanced junction-isolated process delivers 
high speed performance without the need for complex and 
expensive dielectric isolation. 


Features 

■ High slew rate 

■ High unity gain freq 
n Low supply current 

■ Fast settling 

■ Low differential gain 

■ Low differential phase 
B Wide supply range 

■ Stable with unlimited capacitive load 

■ Well behaved; easy to apply 


300 V/ju,s 
50 MHz 
5 mA 
120 ns to 0.1% 
< 0 . 1 % 
0 . 1 ° 

4.75V to 32 V 


Typical AC Characteristics 


Step Response; Av = + 1 


Gain & Phase; Av = + 100 



TL/H/9057-2 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (V+ - V~) 36V 

Differential Input Voltage (Note 8) ± 8V 

CM Voltage (V+ - 0.7V) to (V~ - 7V) 

Output Short Circuit to GND (Note 1 ) Continuous 

Lead Temperature (Soldering, 1 0 sec.) 260°C 


Storage Temp Range 
Operating Temperature Range 
(Note 2) 

LM6161 

LM6261 

LM6361 

Max Junction Temperature 
ESD Tolerance (Notes 8 and 9) 
Operating Supply Voltage Range 


— 65°C to + 1 50°C 


— 55°C to + 1 25°C 
— 25°C to + 85°C 
0°C to +70°C 
150°C 
±700V 
4.75V to 32 V 


DC Electrical Characteristics (Note 3) 


Parameter 

Conditions 

Typ 

LM6161 j 

LM6261 

LM6361 

Units 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Input Offset Voltage 


5 

7 

10 


7 

9 

20 

22 

mV 

max 

Input Offset Voltage 
Average Drift 


10 







/xV/°C 

Input Bias Current 


2 

3 

6 


3 

5 

5 

6 

/xA 

max 

Input Offset Current 


150 

350 

800 


350 

600 

1500 

1900 

nA 

max 

Input Offset Current 
Average Drift 


0.4 







nA/°C 

Input Resistance 

Differential 

325 







ka 

Input Capacitance 

Av = +1 @ 10 MHz 

1.5 







PF 

Large Signal 

Voltage Gain 

Vqut = +10V, R L = 2kfl 
(Note 11) 

750 

550 

300 


550 

400 

400 

350 

V/V 

min 

R L = 10 ka 

2900 







V/V 

Input Common-Mode 
Voltage Range 

Supply = ± 1 5V 

+ 14.0 

+ 13.9 

+ 13.8 


+ 13.9 

+ 13.8 

+ 13.8 

+ 13.7 

Volts 

min 

-13.2 

-12.9 

- 12.7 


-12.9 

- 12.7 

-12.8 

- 12.7 

Volts 

min 

Supply = + 5V 
(Note 6) 

4.0 

3.9 

3.8 


3.9 

3.8 

3.8 

3.7 

Volts 

min 

1.8 

2.0 

2.2 


2.0 

2.2 

2.1 

2.2 

Volts 

max 

Common-Mode 
Rejection Ratio 

-10V ^ V C m ^ +10V 

94 

80 

74 


80 

76 

72 

70 

dB 

min 

Power Supply 
Rejection Ratio 

± 10V ^ V± <; ± 16V 

90 

80 

74 


80 

76 

72 

70 

dB 

min 

Output Voltage 

Swing 

Supply = ± 1 5V 
and R|_ = 2 ka 

+ 14.2 

+ 13.5 

+ 13.3 


+ 13.5 

+ 13.3 

+ 13.4 

+ 13.3 

Volts 

min 

-13.4 

-13.0 

- 12.7 


-13.0 

- 12.8 

-12.9 

- 12.8 

Volts 

min 

Supply = + 5V 
and R|_ = 2 ka (Note 6) 

4.2 

3.5 

3.3 


3.5 

3.3 

3.4 

3.3 

Volts 

min 

1.3 

1.7 

2.0 


1.7 

1.9 

1.8 

1.9 

Volts 

max 

Output Short 

Circuit Current 

Souce 

65 

30 

20 


30 

25 

30 

25 

mA 

min 

Sink 

65 

30 

20 


30 

25 

30 

25 

mA 

min 

Supply Current 


5.0 

6.5 

6.8 


6.5 

6.7 

6.8 

6.9 

mA 

max 
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LM6161/LM6261/LM6361 



LM6161/LM6261/LM6361 


AC Electrical Characteristics (Notes 3 & 7 ) 


Parameter 

Conditions 

Typ 

LM6161 

LM6261 

LM6361 

Units 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Gain-Bandwidth 

Product 

@ F = 20 MHz 

50 

40 

32 


40 

35 

35 

32 

MHZ 

min 

V+ = ±5V 

35 







MHz 

Slew Rate 

Av = +1 (Note 10) 

300 

225 

200 


225 

210 

200 

180 

V/jtis 

min 

V+ = ±5V 








V/jms 

Power Bandwidth 

VoUT = 20V pp 

mm 







MHz 

Settling Time 

10V Step to 0.1% 

Av = — 1, R l = 2kH 

120 







ns 

Phase Margin 


45 







Deg 

Differential Gain 

NTSC, Av = +4 

<0.1 







% 

Differential Phase 

NTSC, Av = +4 

0.1 







Deg 

Input Noise Voltage 

f = 10 kHz 

15 







nV/VHz 

Input Noise Current 

f = 10 kHz 

1.5 







pA/>fiz 


Note 1: Continuous short-circuit operation at elevated ambient temperature can result in exceeding the maximum allowed junction temperature of 150°C. 

Note 2: The typical junction-to-ambient thermal resistance of the molded plastic DIP (N) is 1 05°C/W, the molded plastic SO (M) package is 1 55°C/W, the cerdip (J) 
package is 125°C/W, and the TO-5 (H) package is 155°C/W. All numbers apply for packages soldered directly into a printed circuit board. 

Note 3: Unless otherwise specified, all limits guaranteed for Ta = Tj = 25°C with supply voltage = ± 15V, Vqm = OV, and Rl ^ 100 kn. Boldface limits apply 

over the range listed under “Operating Temperature Range” with Ta = Tj in the "Absolute Maximum Ratings” section. 

Note 4: Guaranteed and 100% production tested. These limits are used to calculate outgoing AQL levels. 

Note 5: Guaranteed but not 100% production tested. These limits are not used to calculate outgoing AQL levels. 

Note 6: For single supply operation, the following conditions apply: V+ = 5V, V - = 0V, Vcm = 2.5V, Vqut = 2.5V. Pin 1 & Pin 8 (Vos Adjust) are each 

connected to Pin 4 (V~) to realize maximum output swing. This connection will degrade Vos. v OS Drift, and Input Voltage Noise. 

Note 7: C L 5 pF. 

Note 8: In order to achieve optimum AC performance, the input stage was designed without protective clamps. Exceeding the maximum differential input voltage 
results in reverse breakdown of the base-emitter junction of one of the input transistors and probable degradation of the input parameters (especially Vos, los, and 
Noise). 

Note 9: The average voltage that the weakest pin combinations (those involving Pin 2 or Pin 3) can withstand and still conform to the datasheet limits. The test 
circuit used consists of the human body model of 100 pF in series with 15000. 

Note 10: V| N = 8V step. For V+ = ±5V, V !N = 5V step. 

Note 11: Voltage Gain is the total output swing (20V) divided by the input signal required to produce that swing. 
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Simplified Schematic and Pin Assignments 



Vqs Adjust Circuit 



100K 

TL/H/9057-4 
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LM6 1 64/LM6264/LM6364 


53 


National 

Semiconductor 

Corporation 


PRELIMINARY 


LM6 1 64/LM6264/LM6364 
High Speed Operational Amplifier 


General Description 


The LM6164 family of high-speed amplifiers exhibits an ex- 
cellent speed-power product in delivering 300V per /jls and 
175 MHz GBW (stable to a gain of +5) with only 5 mA of 
supply current. Further power savings and application con- 
venience are possible by taking advantage of the wide dy- 
namic range in operating supply voltage which extends all 
the way down to + 5V. 

These amplifiers are built with National’s new VIPtm (Verti- 
cally Integrated PNP) process which produces fast PNP 
transistors that are true complements to the already fast 
NPN devices. This advanced junction-isolated process de- 
livers high speed performance without the need for complex 
and expensive dielectric isolation. 


Features 

■ High Slew Rate 300 V//xs 

■ High GBW Product 175 MHz 

■ Low Supply Current 5 mA 

■ Fast settling 100 ns to 0.1% 

■ Low differential gain <0.1% 

■ Low differential phase <0.1° 

■ Wide Supply Range 4.75V to 32V 

■ Stable with unlimited capacitive load 

■ Well behaved; easy to apply 


Typical AC Characteristics 


***»*£» 2m i m 

MAO <.*/»> 

&HAOE "S ' 1 



im k 

j .<»0 


" ‘im ' 1 * i&W 


Step Response; Av = + 5 


Gain & Phase; Ay = + 300 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (V+ - V - ) 36V 

Differential Input Voltage (Note 8) ± 8V 

CM Input Voltage (V+ - 0.7V) to (V~ - 7V) 

Output Short Circuit to Gnd (Note 1 ) Continuous 

Lead Temp. (Soldering, 1 0 sec.) 260°C 


Storage Temperature Range 


— 65°C to + 150°C 


Operating Temperature Range (Note 2) 
LM6164 
LM6264 
LM6364 


— 55°C to -f-125°C 
— 25°C to + 85°C 
0°C to + 70°C 


Max Junction Temperature (Note 2) 150°C 

ESD Tolerance (Notes 8 & 9) ± 700V 


DC Electrical Characteristics (Note 3) 





LM6164 

LM6264 

LM6364 


Parameter 

Conditions 

Typ 

Tested 

Design 

Tested 

Design 

Tested 

Design 

Units 



Limit 

Limit 

Limit 

Limit 

Limit 

Limit 





(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 


Input Offset Voltage 


2 

4 


4 

6 

9 

11 

mV 




6 






max 

Input Offset Voltage 
Average Drift 


6 

i 

1 






jaV/°C 

Input Bias Current 


2.5 

3 


3 

5 

5 

6 

JLiA 




6 






max 

Input Offset Current 


150 

350 


350 

600 

1500 

1900 

nA 




800 






max 

Input Offset Current 
Average Drift 


0.3 







nA/°C 

Input Resistance 

Differential 

100 







ka 

Input Capacitance 


3.0 







PF 

Large Signal 

Vout = ± 10V, R|_ = 2 kfl 

2.5 

1.8 


1.8 

1.2 

1.3 

1.1 

V/mV 

Voltage Gain 

(Note 11) 


0.9 






min 


R L = 10 ka 

9 







Input Common-Mode 

Supply = ±15V 

+ 14.0 

+ 13.9 


+ 13.9 

+ 13.8 

+ 13.8 

+ 13.7 

V 

Voltage Range 



+ 13.8 






min 



-13.5 

-13.3 


-13.3 

-13.1 

-13.2 

-13.1 

V 




-13.1 






min 


Supply = + 5V 

4.0 

3.9 


3.9 

3.8 

3.8 

3.7 

V 


(Note 6) 


3.8 






min 



1.5 

1.7 


1.7 

1.9 

1.8 

1.9 

V 




1.9 






max 

Common-Mode 

-10V ^ V C m ^ +10V 

105 

86 


86 

82 

80 

78 

dB 

Rejection Ratio 



80 






min 

Power Supply 

±10V<; V± £ ± 16V 

96 

86 


86 

82 

80 

78 

dB 

Rejection Ratio 



80 






min 

Output Voltage 

Supply = ±15V 

+ 14.2 

+ 13.5 


+ 13.5 

+ 13.3 

+ 13.4 

+ 13.3 

V 

Swing 

and Rl = 2 kfl 


+ 13.3 






min 



-13.4 

-13.0 


-13.0 

-12.8 

-12.9 

-12.8 

V 




-12.7 






min 


Supply = + 5V and 

4.2 

3.5 


3.5 

3.3 

3.4 

3.3 

V 


R l = 2 ka (Note 6) 


3.3 






min 



1.3 

1.7 


1.7 

1.9 

1.8 

1.9 

V 




2.0 






max 
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LM6 1 64/LM6264/LM6364 


DC Electrical Characteristics (Note 3 ) 


Parameter 

Conditions 

Typ 

LM6164 

LM6264 

LM6364 

Units 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Output Short 

Source 





25 




Circuit Current 





M 










— 



25 

mA 






1 




min 

Supply Current 



6.5 










6.8 








AC Electrical Characteristics (Notes 3 & 7) 


Parameter 

Conditions 


LM6164 

LM6264 

LM6364 

Units 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Gain-Bandwidth 

Product 



140 

IOO 


140 

120 

120 


MHz 

min 

V + = + 5V 

120 







Slew Rate 

A v = +20 (Note 10) 

300 

225 

200 






V/jutS 

min 

V+ = ±5V 

200 







Power Bandwidth 

Vqut — 20 Vpp 

mm 







MHz 

Setting Time 

10V Step to 0.1% 

Ay = -4, Rl = 2 kn 

100 







ns 

Phase Margin 

A v = +5 

45 







Deg 

Differential Gain 

NTSC, A v = +10 

<0.1 







% 

Differential Phase 

NTSC, A v = +10 

<0.1 







Deg 

Input Noise Voltage 

F = 10 kHz 

8 







nV/>/Hz 

Input Noise Current 

F = 10 kHz 

1.5 



! 




pA/>/Hz 


Note 1: Continuous short-circuit operation at elevated ambient temperature can result in exceeding the maximum allowed junction temperature of 150°C. 

Note 2: The typical junction-to-ambient thermal resistance of the molded plastic DIP (N) is 105°C/Watt, the molded plastic SO (M) package is 155°C/Watt, the 
cerdip (J) package is 125°C/Watt, and the TO-5 (H) package is 155°C/Watt. All numbers apply for packages soldered directly into a printed circuit board. 

Note 3: Unless otherwise specified, all limits guranteed for Ta = Tj = 25°C with supply voltage = ±15V, Vqm = OV, and Rl ^ 100 kft. Boldface limits apply 
over the range listed under “Operating Temperature Range”. 

Note 4: Guaranteed and 100% production tested. These limits are used to calculate outgoing AQL levels. 

Note 5: Guaranteed but not 100% production tested. These limits are not used to calculate outgoing AQL levels. 

Note 6: For single supply operation, the following conditions apply: V + = 5V, V- = 0V, Vqm = 2.5V, V 0 ut = 2.5V. Pin 1 & Pin 8 (Vos Adjust) are each 
connected to Pin 4 (V-) to realize maximum output swing. This connection will degrade Vos- 
Note 7: C L £ 5 pF. 

Note 8: In order to achieve optimum AC performance, the input stage was designed without protective clamps. Exceeding the maximum differential input voltage 
results in reverse breakdown of the base-emitter junction of one of the input transistors and probable degradation of the input parameters (especially Vos. l OS> and 
Noise). 

Note 9: The average voltage that the weakest pin combinations (those involving Pin 2 or Pin 3) can withstand and still conform to the datasheet limits. The test 
circuit used consists of the human body model of 100 pF in series with 1500ft. 

Note 10: V| N = 4V step. For V + = ±5V, V| N = IV step. 

Note 11: Voltage Gain is the total output swing (20V) divided by the input signal required to produce that swing. 
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Simplified Schematic & Pin Assignments 

Dua!-ln-Line Package 



TL/H/9153-3 

Order Number LM6264J, LM6164J, LM6364N or LM6264N 
See NS Package Number J08A or N08E 


Vqs Adjust Circuit 



100K 

TL/H/9153-4 


2 
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LM6164/LM6264/LM6364 




LM6165/LM6265/LM6365 


National 

Semiconductor 

Corporation 



PRELIMINARY 


LM6 1 65/LM6265/LM6365 
High Speed Operational Amplifier 


General Description 

The LM6165 family of high-speed amplifiers exhibits an ex- 
cellent speed-power product in delivering 300 V per jlls and 
725 MHz GBW (stable to a gain of +25) with only 5 mA of 
supply current. Further power savings and application con- 
venience are possible by taking advantage of the wide dy- 
namic range in operating supply voltage which extends all 
the way down to + 5V. 

These amplifiers are built with National’s new VIP™ (Verti- 
cally Integrated PNP) process which produces fast PNP 
transistors that are true complements to the already fast 
NPN devices. This advanced junction-isolated process de- 
livers high speed performance without the need for complex 
and expensive dielectric isolation. 


Features 

■ High slew rate 

■ High GBW product 

■ Low supply current 

■ Fast settling 

■ Low differential gain 

■ Low differential phase 

■ Wide supply range 

■ Stable with unlimited capacitive load 

■ Well behaved; easy to apply 


300 V/ /as 
725 MHz 
5 mA 
80 ns to 0.1 % 
<0.1% 
< 0 . 1 ° 
4.75V to 32V 


Typical AC Characteristics 

Step Response; Ay = +25 Gain & Phase; Ay = + 300 



TL/H/9152-1 



TL/H/9152-2 
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Absolute Maximum Rating 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (V+ _ V~) 36V 

Differential Input Voltage (Note 8) + 8V 

CM Input Voltage (V+ - 0.7V) To (V~ - 7V) 

Output Short Circuit to Gnd (Note 1) Continuous 

Lead T emp (Soldering, 1 0 sec.) 260°C 


Storage Temp Range 


— 65°C to 150°C 


Operating Temperature Range (Note 2) 
LM6165 
LM6265 
LM6365 


— 55°C to + 1 25°C 
— 25°C to +85°C 
0°C to 70°C 


Max Junction Temperature (Note 2) 


150°C 


ESD Tolerance (Notes 8 & 9) 


±700V 


DC Electrical Characteristics (Note 3) 





LM6165 

LM6265 

LM6365 


Parameter 

Conditions 

Typ 

Tested 

Design 

Tested 

Design 

Tested 

Design 

Units 

Limit 

Limit 

Limit 

Limit 

Limit 

Limit 




(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 


Input Offset Voltage 


1 

3 


3 

4 

6 

7 

mV 




4 






max 

Input Offset Voltage 
Average Drift 


3 







1 uV/°C 

Input Bias Current 


2.5 

3 


3 

5 

5 

6 

jjlA 




6 






max 

Input Offset Current 


150 

350 


350 

600 

1500 

1900 

na 




800 






max 

Input Offset Current 
Average Drift 


0.3 







nA/°C 

Input Resistance 

Differential 

20 







kfl 

Input Capacitance 


6.0 







PF 

Large Signal 

Vout = ± 1 0V, 

10.5 

7.5 


7.5 

6.0 

5.5 

5.0 

V/mV 

Voltage Gain 

R l = 2 Ml (Note 11) 


5.0 






min 


R L = 10 Ml 

38 







Input Common-Mode 

Supply = ± 1 5V 

+ 14.0 

+ 13.9 


+ 13.9 

+ 13.8 

+ 13.8 

+ 13.7 

V 

Voltage Range 



+ 13.8 






min 



-13.6 

-13.4 


-13.4 

- 13.2 

-13.3 

- 13.2 

V 




- 13.2 






min 


Supply = + 5V 

4.0 

3.9 


3.9 

3.8 

3.8 

3.7 

V 


(Note 6) 


3.8 






min 



1.4 

1.6 


1.6 

1.8 

1.7 

1.8 

V 




1.8 






max 

Common-Mode 

-lov <; v CM <; -mov 

102 

88 


88 

84 

80 

78 

dB 

Rejection Ratio 



82 






min 

Power Supply 

±iov<; v± <; ± 16V 

104 

88 


88 

84 

80 

78 

dB 

Rejection Ratio 



82 






min 

Output Voltage 

Supply = ±15V 

+ 14.2 

+ 13.5 


+ 13.5 

+ 13.3 

+ 13.4 

+ 13.3 

V 

Swing 

and Rl = 2 Ml 


+ 13.3 






min 



-13.4 

-13.0 


-13.0 

- 12.8 

-12.9 

- 12.8 

V 




- 12.7 


1 




min 


Supply = + 5V and 

4.2 

3.5 


3.5 

3.3 

3.4 

3.3 

V 


R L = 2 Ml (Note 6) 


3.3 






min 



1.3 

1.7 


-1.7 

1-9 

1.8 

1.9 

V 




2.0 






max 
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DC Electrical Characteristics (Note 3) (continued) 


: 

Parameter 

Conditions 

Typ 

LM6165 

LM6265 

LM6365 


Tested 

Limit 

■ 











Output Short 

Source 

65 

30 






mA 

Circuit Current 



20 






min 










mA 










min 

Supply Current 


5.0 

6.5 


6.5 

6.7 



mA 




6.8 






max 


AC Electrical Cha racteristics (Notes 3 & 7) 


Parameter 

Conditions 

Typ 

LM6165 

LM6265 

LM6365 

Units 

Tested 

Limit 

Design 

Limit 

Tested 

Limit 

Design 

Limit 

Tested 

Limit 

Design 

Limit 

(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 

Gain-Bandwidth 

Product 

@ F = 20 MHz 

725 

575 

400 


575 

475 

500 

400 

MHz 

min 

V+ = ±5V 

500 







Slew Rate 

A v = +25 (Note 10) 

300 

225 

200 


225 

210 

200 


V/jms 

min 

V+ = ±5V 








Power Bandwidth 

VoUT = 20 Vpp 

4.5 







MHz 

Setting Time 

10V Step to 0.1% 

A v = —25, Rj_ = 2 kfl 

80 







ns 

Phase Margin 

A v = +25 

45 







Deg 

Differential Gain 

NTSC, A v = +25 

<0.1 







% 

Differential Phase 

NTSC, A v = +25 

<0.1 







Deg 

Input Noise Voltage 

F = 10 kHz 

5 








Input Noise Current 

F = 10 kHz 

1.5 









Note 1: Continuous short-circuit operation at elevated ambient temperature can result in exceeding the maximum allowed junction temperature of 150°C. 

Note 2: The typical junction-to-ambient thermal resistance of the molded plastic DIP (N) is 105°C/Watt, the molded plastic SO (M) package is 155°C/Watt, the 
cerdip (J) package is 125°C/Watt, and the TO-5 (H) package is 155°C/Watt. All numbers apply for packages soldered directly into a printed circuit board. 

Note 3: Unless otherwise specified, all limits guaranteed for T a = Tj = 25°C with supply voltage = ±15V, Vqm = OV, and R|_ ^ 100 kft. Boldface limits apply 
over the range listed under “Operating Temperature Range”. 

Note 4: Guaranteed and 100% production tested. These limits are used to calculate outgoing AQL levels. 

Note 5: Guaranteed but not 100% production tested. These limits are not used to calculate outgoing AQL levels. 

Note 6: For single supply operation, the following conditions apply: V+ = 5V, V- = 0 V, Vqm = 2.5C, VouT = 2.5V. Pin 1 & Pin 8 (Vos Adjust) are each 
connected to Pin 4 (V-) to realize maximum output swing. This connection will degrade Vos- 
Note 7: C L <; 5 pF. 

Note 8: In order to achieve optimum AC performance, the input stage was designed without protective clamps. Exeeding the maximum differential input voltage 
results in reverse breakdown of the base-emitter junction of one of the input transistors and probable degradation of the input parameters (especially Vqs. Ios> and 
Noise). 

Note 9: The average voltage that the weakest pin combinations (those involving Pin 2 or Pin 3) can withstand and still conform to the datasheet limits. The test 
circuit used consists of the human body model of 100 pF in series with 1500ft. 

Note 10: V| N = 0.7 V step. For V+ = ±5V, V iN = 0.2V step. 

Note 11: Voltage Gain is the total output swing (20V) divided by the input signal required to produce that swing. 
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Simplified Schematic & Pin Assignments 



Vqs Adjust Circuit 



100K 


TL/H/9152-3 

Order Number LM6165J, LM6265J, LM6265N or LM6365N 
See NS Package Number J08A or N08E 


TL/H/9152-4 


2 
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LM 13080 


National 

Semiconductor 

Corporation 



LM 13080 Programmable Power Op Amp 


General Description 

The LM13080 is an internally compensated medium power 
operational amplifier designed for use in those applications 
requiring load currents of several hundred milliamperes. 
This amplifier has the added advantage of having an input 
stage programmed with an external resistor. The user is 
able to optimize the amplifier performance for each individu- 
al application with this feature. Applications include servo 
amplifiers and drivers, high input impedance audio amplifi- 
ers, DC-to-DC converters, precision power comparators 
which can either sink or source current and motor speed 
controls. 

The LM 13080 may be powered from either single or dual 
power supplies, and will operate from as little as 3V. 

As a power operational amplifier, the LM13080 is capable of 
delivering 0.25A to a load. This feature allows the system 
designer to fulfill his medium power circuit requirements 
without having to add external current boost transistors to 
the output of a standard operational amplifier. 


By selecting the proper input stage bias resistor it is possi- 
ble to tailor the performance of the input stage to meet the 
needs of any particular system. Trade-offs between input 
offset voltage, input bias current and gain bandwidth are 
easily made. 

An unusual feature of the LM13080 is an electronic shut- 
down capability. 

Features 

■ High output current — 250 mA 

■ Externally programmable input stage 

■ Low power supply operation— 3V 

■ Electronic shut-down capability 

■ Internally compensated for unity gain 

■ Low input bias current 


Schematic Diagram 



TL/H/7978-2 

Connection Diagram 


Order Number LM13080N 
See NS Package Number N08E 


Dual-In-Line Package 



TOP VIEW 


TL/H/7978-1 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage Operation Range 3V to 1 5V 

±1.5Vto±7.5V 

Power Dissipation (Note 1 ) 1 250 mW 

Differential Input Voltage (Note 2) 1 5V 


Input Voltage Range (Note 3) 

Input Current (Vin ^ -0.3V) (Note 4) 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 
ESD rating to be determined. 


-0.3 V to + 15V 
20 mA 
0°C to + 70°C 
— 65°C to +150°C 
300°C 


Electrical Characteristics Vs = 12V, Rset = 680k, 0°C ^ T A ^ 70°C, unless otherwise specified 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage 

T a = 25°C (Note 5) 


±3 

±7 

mV 

Input Bias Current 

l|N(+)O rl IN(— )> T a = 25°C 


100 

400 

nA 

Input Offset Current 

>IN( + ) “ llN(-). t A = 25° C 


±30 

±75 

nA 

Supply Current 

R L = °°.T a = 25°C (Note 6) 


3 

6 

mA 

Output Voltage Swing 

V s = ±6V, T a = 25°C (Note 1) 





Voh 

R|_ = 50H 

4.5 

5 


V 


G 

CO 

II 

—1 

DC 

2 



V 

V 0 L 

Rl = son 


-5 

-4.5 

V 


Rl = 8n 



-2 

V 

Large Signal Voltage Gain 

V s = ±6V, R l = 50 o, 
f = 100Hz,T a = 25°C 

3 

10 


V/mV 

Input Common-Mode 

V s <; 15V, T a = 25°C 

1 


V S -1.5 

y 

Voltage Range 

(Note 3) 




Input Offset Voltage 

(Note 5) 



±10 

mV 

Input Offset Voltage Drift 



5 


JLlV/°C 

Input Bias Current 

*IN(+) or l|N(— ) 



600 

nA 

Input Offset Current 

l|N( + ) ~ llN(-) 



±150 

nA 

Input Offset Current Drift 



50 


pA/°C 

Supply Current 

r l = oo (Note 6) 



8 

mA 

Output Voltage Swing 

V s = ±6V (Note 1) 





Voh 

Rl = son 



4 

V 


Rl = 8n 



1.6 

V 

Vql 

Rl = 50fl 

-4 



V 


Rl = 8n 

-1.6 



V 
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Electrical Characteristics V s = 12 V, Rset = 680k, 0°C <; Ta ^ 70 °c, unless otherwise specified (Continued) 


Parameter 

Conditions 

Min 

Typ 

Max 


Large Signal Voltage Gain 

V s = ±6V, R l = 50H, f = 100 Hz 

1 




Input Common-Mode 

Voltage Range 

V s <; 15V (Note 3) 




V 

Common-Mode Rejection Ratio 

T a = 25°C 

63 

85 


dB 

Total Harmonic Distortion 

Ri_ = 8a, Vo = 2 Vrms, 
f = 1 kHz, T a = 25°C 


0.5 

5 

% 


Note 1: For operation at high temperatures, the LM13080 must be derated based upon a maximum junction temperature of 150°C and a thermal resistance of 
100°C/W. The thermal resistance values given are for a still air ambient with the package soldered into a printed circuit board. 


Note 2: Differential input voltages up to the magnitude of the power supply voltage will not damage the input circuitry. However, input voltages outside the input 
common-mode voltage range will not be able to properly control the output of the amplifier. 

Note 3: The input voltage applied to either input should not be allowed to go more than 0.3V below the potential applied to pin 4; however, either input can be taken 
as high as 15V without causing damage to the circuit. Input voltages below the minimum common-mode voltage range may cause a phase reversal in the output. 
Note 4: This input current will exist only when the voltage at either input lead is driven negative. It is due to the base-isolation junction of the PNP transistor tub 
becoming forward biased and thereby acting as an input diode clamp. In addition to this diode action, there is also lateral NPN parasitic action on the 1C chip. This 
transistor action can cause the output to take an undefined state for the time duration that an input is driven negative. 

Note 5: Vo = 6V, Rs = Oft, and over the full input common-mode voltage range. 

Note 6: Supply current is measured with the amplifier connected in a unity gain follower configuration and the positive input set to one-half of the supply voltage. 

Typical Performance Characteristics 


Slew Rate as Function 
of Rset 



10k 100k 1M 10M 

R SET - SET RESISTANCE [&) 


Offset Voltage Change vs 
Power Dissipation Due to 
Thermal Feedback 



1200 800 400 0 400 800 1200 

■iP 0 (*nW> SINKING APq (mW) SOURCING 


Supply Current 



Thermal Feedback Time 



0 10 20 30 40 50 60 70 80 90 100 
TIME (m$) 


Supply Current 

6 

5 

4 

3 

2 

1 

2 4 6 8 10 12 14 

V S - POWER SUPPLY VOLTAGE (V) 


r$et = 680k 
r l = ~ 








1 






















Device Dissipation vs 



0 10 20 30 40 50 60 70 80 


Tft - AMBIENT TEMPERATURE (“C) 


TL/H/7978-4 
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Typical Performance Characteristics (Continued) 


Offset Voltage 



10k 100k 1M 10M 

RSET - SET RESISTANCE (ft) 


Input Bias Current 



R S ET- SET RESISTANCE (n) 


Voltage Gain as a Function 



10k 100k 1M 10M 

R SE t - SET RESISTANCE (ft) 


Output Current Sourcing 





MAINTAIN 1 
t .<r iRn°r. 






2 







' 

— 









l 









-25 0 25 50 75 100 

T a - AMBIENT TEMPERATURE (°C) 


Small Signal Open Loop 



1 10 100 Ik 10k 100k 1M 10M 


f - FREQUENCY (Hz) 


Large Signal Frequency 
Response 



10k 100k 

f- FREQUENCY (Hz) 


Voltage Follower Pulse 
Response (Small Signal) 



is 


Voltage Follower Pulse 
Response (Large Signal) 



0 20 40 60 80 100 


t-TIME bis) 



10k 100k 1M 10M 

R set - SET RESISTANCE (ft) 


Output Current Sinking 



-25 0 25 50 75 1M 

T a - AMBIENT TEMPERATURE (°C) 


Minimum Stable Closed 



r S et -set resistance (n) 


Common-Mode 



TL/H/7978-3 
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Application Hints 

The LM13080 is a power op amp capable of sourcing or 
sinking more than 250 mA and does not include internal 
current limit or thermal shut-down. Therefore, the user must 
make sure that his application will not cause the power dis- 
sipation rating of the package to be exceeded. The 
LM 13080 is rated at a maximum dissipation of 1250 mW at 
25°C. For operation at temperatures above 25°C, the maxi- 
mum dissipation must be derated using the equation: 


where Pp is the maximum allowable power dissipation, Tj is 
the maximum junction temperature (150°C), T A is the ambi- 
ent temperature and 0j A is the thermal resistance of the 
package operated in a still air environment. 0j A for the 
LM13080N is 100°C/W. For example, if the LM13080N is 
used in free air in a 70°C ambient, the maximum power that 
can be dissipated is: 


To employ electronic shut-down the output bias pin, pin 2, 
and the negative end of the input bias resistor, Rset. are 
connected to the negative power supply (or ground in a sin- 
gle power system) through a saturated NPN transistor (or 
other electronic switch). When the transistor is turned OFF, 
all of the bias currents inside the op amp are turned OFF 
and all input and output terminals will float. When first 
turned ON, the output will take about 5 jus to reach the 
correct level. To insure that the LM13080 is OFF, leakage in 
the control device must be below the level that will allow 
pins 2 and 7 to fall to 0.4V below V+. 

Power supply rejection is a function of the change in voltage 
across the input bias resistor, Rset- To improve the PSRR 
of the LM1 3080, the user must be careful to bypass pin 7 to 
pin 6 or to establish a floating voltage referenced to the 
positive power supply to serve as a connection point for 
Rset- In applications where PSRR is important, it is impera- 
tive that a supply bypass capacitor(s) be used. 


Pd = 


150°C - 70°C 
100°C/W 


= 800 mW 


Typical Applications 

LINE DRIVER 


The LM13080 derives its ability to sink current through the 
use of a composite NPN/PNP output configuration. This lo- 
cal loop must be compensated by the series connection of a 
0.05 jaF capacitor and a 10ft resistor between the output of 
the op amp (pin 5) and the negative power supply (pin 4). 
The RC does not just filter out the oscillation from the output 
waveform but actually stabilizes the loop. 

If the inputs of the LM1 3080 are driven below the input com- 
mon-mode voltage range, it is possible that the output will 
experience a phase reversal. This is particularly true for the 
non-inverting input (V|N(+)). If either input is driven to a volt- 
age level 0.3V below the substrate (pin 4) a parasitic NPN 
transistor will be turned ON. The emitter of this parasitic 
transistor is the normal input transistor epi (N-type, base) 
region, the base is the substrate (P-type) and the collector is 
every other epi region on the die. Circuit operation in this 
mode is unpredictable. If an input is forced below the sub- 
strate, the current flowing out of that input should be limited 
to 20 mA to insure that the amplifier will not be destroyed. 
Programming the LM13080 is accomplished by selecting 
the value of Rset. th e input stage bias resistor, to optimize 
the amplifier for each particular application. An example 
would be an application with low source resistance which 
requires a low offset voltage to make a precise DC mea- 
surement. By selecting an Rset of 100 kft, the normal off- 
set voltage would be reduced to approximately one-fourth 
the value it would be if a 680k resistor was used. By study- 
ing the curves, it can be seen that the bias current will in- 
crease but an increase here has very little effect due to the 
small source impedance. It should also be noted that with a 
100k input set resistor the gain bandwidth product will also 
increase, and in fact, the amplifier must be operated with a 
closed loop voltage gain of 6 to assure stability. 

The effect of Rset on the total quiescent supply current will 
be very small (Als < 5% Is) as long as Rset is 100k or 
greater. 


The line driver circuit in Figure 1 is able to accept an unbal- 
anced, high impedance input and convert it to a balanced 
output suitable for driving a low impedance line. This is par- 
ticularly useful in an environment where magnetically in- 
duced hum or noise pickup is a problem. 

The outputs of the 2 LM1 3080s are of opposite polarity; 
therefore, terminating the line with a balanced load (i.e., a 
differential amplifier or a transformer) will cause common- 
mode interference pickup to be cancelled. 

This circuit will drive a 20 Vp-p signal into a 50ft load for 
frequencies up to 10 kHz. Above 10 kHz the output signal is 
slew rate limited, but the line driver will still supply a 1 3 Vp-p 
signal at 20 kHz. The voltage gain of the network is 2, and 
the low frequency roll-off is determined by: 

<L = 2ttRC 

It can be seen that if the load is connected directly between 
the outputs of the amplifiers, the line driver becomes a sim- 
ple bridge amplifier capable of delivering 2W into a 16ft 
load. 

PIEZOELECTRIC ALARM 

The piezoelectric alarm shown in Figure 2 uses a 3-terminal 
transducer (Gulton 101FB or equivalent) to produce an 
80 dB SPL alarm. 

The transducer has a feedback terminal which is connected 
to the non-inverting input of the LM 13080, causing oscilla- 
tion at the resonant frequency of the piezoelectric crystal. 
The alarm can be controlled through the use of the electron- 
ic shut-down feature of the amplifier. The 100k resistor and 
0.1 juF capacitor are used to provide a reference voltage at 
the inverting input and to keep the duty cycle of the crystal 
oscillation close to 50%. The RC time constant of this feed- 
back network should be much greater than the time con- 
stant of the transducer. 
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Typical Applications (Continued) 


6V 



OUTPUT (TO 
TWISTED PAIR) 


TL/H/7978-5 

FIGURE 1. Line Driver— Unbalanced 
Input to Balanced Output 


9V 100k 



SIRENS 

Two separate circuits for sirens are shown. The first, Figure 
3, is a 2-state or ON-OFF type siren where the LM13080 
oscillates at an audio frequency and drives an 8 ft speaker 
and the LM339 acts as a switch which controls the audio 
burst rate. The second siren, Figure 4, provides a constant 
audio output but alternates between 2 separate tones. The 
LM 13080 is set to oscillate at one basic frequency and this 
frequency is changed by adding a 200 kfl charging resistor 
in parallel with the feedback resistor, R2. 

LAMP FLASHER— RELAY DRIVER 

The LM 13080 is easily adaptable to such applications as 
low frequency warning devices. The output of the oscillator 
is a squarewave that is used to drive lamps or small relays. 
As shown in Figure 5, the circuit alternately flashes 2 incan- 
descent lamps. 



fsWITCH = 


i 

1.4 R2C2 


= 1.9 Hz 


TL/H/7978-7 


2 
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Typical Applications (Continued) 


R1 



R 5V 



R 10V 



b) Single Supply 


FIGURE 5. Low Frequency Lamp Flasher/Relay Driver 


MOTOR SPEED CONTROL 

The LM 13080 can be used to construct a very simple speed 
control for small motors requiring less than 0.5A start cur- 
rent. This circuit operates by impressing the multiple of a 
reference voltage across the motor, and then varying the 
reference by means of a quasi-positive feedback to change 
the voltage across the motor any time the load on the motor 
changes. 

To understand the circuit operation, it is easiest to let the 
voltage at the cathode of diode D1, Figure 6, be the input 


voltage, V|n, to the system. Diode D1 is actually a level shift 
diode to bring V|n into the common-mode range of the am- 
plifier. A reference voltage is established by the combined 
voltage drop through the 10H potentiometer, R3 and the 
reference diode, D2 and is applied to the non-inverting input 
of the LM 13080. Resistor R4 is a bias resistor used to keep 
D2 active. The 1 0k speed adjust potentiometer is 2 resistors 
in 1 , where section R1 is the input resistance and section 
R2 is the negative feedback resistance. It can be seen that 
the voltage impressed across the motor is equal to: 

(V B E2 + I 3 R3)R2 , w 
VmOTOR j^j + V BE 
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Typical Applications (Continued) 

The positive feedback is developed as a change in the volt- 
age across R3 due to the change in the motor current 
caused by a variation in the motor’s load. Resistor R3 is 
shown as a potentiometer so that the amount of positive 
feedback can be adjusted for smooth operation of the mo- 
tor. Capacitor Cl and resistor R5 serve as a filter for the 
reference voltage at the non-inverting input of the amplifier. 

VOLTAGE REGULATORS 

In normal, positive or negative regulator application such as 
those shown in Figure 7 and Figure 8, the LM 13080 has 2 
major advantages over standard operational amplifiers. The 
LM13080 has its own on-chip pass device and in addition 
can either sink or source 250 mA of load current. 




2V £ Vqut ^ (V| N - 2V) 


TL/H/7978-12 


Note: Pin numbers apply to miniDIP. 


FIGURE 7. Positive Variable Voltage Regulator 


10k 10k 



TL/H/7978-13 


2 
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LM 1 3600/LM 1 3600A 



National 

Semiconductor 

Corporation 


LM 1 3600/ LM 1 3600 A 

Dual Operational Transconductance Amplifiers 
with Linearizing Diodes and Buffers 


General Description 

The LM13600 series consists of two current controlled 
transconductance amplifiers each with differential inputs 
and a push-pull output. The two amplifiers share common 
supplies but otherwise operate independently. Linearizing 
diodes are provided at the inputs to reduce distortion and 
allow higher input levels. The result is a 10 dB signal-to- 
noise improvement referenced to 0.5 percent THD. Con- 
trolled impedance buffers are provided which are especially 
designed to complement the dynamic range of the amplifi- 
ers. 

Features 

■ g m adjustable over 6 decades 

■ Excellent g m linearity 


■ Excellent matching between amplifiers 

■ Linearizing diodes 

■ Controlled impedance buffers 

■ High output signal-to-noise ratio 

■ Wide supply range ±2V to +22V 

Applications 

■ Current-controlled amplifiers 

■ Current-controlled impedances 

■ Current-controlled filters 

■ Current-controlled oscillators 

■ Multiplexers 

■ Timers 

■ Sample and hold circuits 


Connection Diagram 


DuaMn-Line and Small Outline Packages 


AMP 

BIAS DIODE INPUT INPUT BUFFER BUFFER 

INPUT BIAS (+) (-) OUTPUT V + input OUTPUT 



Top View 

Order Number LM13600M, LM13600N or LM13600AN 
See NS Package Number M16A or N16A 


TL/H/7980-2 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Note 1) 

LM 13600 36 V DC or ± 18V 

LM 13600 A 44 V DC or ±22 V 

Power Dissipation (Note 2) Ta = 25°C 570 mW 

Differential Input Voltage ± 5V 

Diode Bias Current (Iq) 2 mA 

Amplifier Bias Current (Iabc) 2 mA 

Output Short Circuit Duration Indefinite 

Buffer Output Current (Note 3) 20 mA 

Electrical Characteristics (Note 4) 

Operating Temperature Range 0°C to + 70°C 

DC Input Voltage +Vsto-Vs 

Storage T emperature Range - 65°C to + 1 50°C 

Soldering Information 

Dual-In-Line Package 

Soldering (1 0 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 21 5°C 

Infrared (15 seconds) 220°C 

See AN-450 ‘‘Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

Parameter 

Conditions 

LM 13600 

LM13600A 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage (Vos) 



0.4 

4 


0.4 

1 

mV 


Over Specified Temperature Range 






2 

mV 


>ABC = 5 /xA 


0.3 

4 


0.3 

1 

mV 

Vos Including Diodes 

Diode Bias Current (Ip) = 500 /xA 


0.5 

5 


0.5 

2 

mV 

Input Offset Change 

5 jaA ^ Iabc ^ 500 fi A 


0.1 

3 


0.1 

1 

mV 

Input Offset Current 



0.1 

0.6 


0.1 

0.6 

jaA 

Input Bias Current 



0.4 

5 


0.4 

5 

|lxA 


OverSpecified Temperature Range 


1 

8 


1 

7 

jxA 

Forward 









Transconductance (g m ) 


6700 

9600 

13000 

7700 

9600 

12000 

/xmho 


Over Specified Temperature Range 

5400 



4000 



jamho 

g m Tracking 



0.3 



0.3 


dB 

Peak Output Current 

R|_ = o. Iabc = 5 /xA 


5 


3 

5 

7 

jlxA 


Rl = o. Iabc = 500 ju-A 

350 

500 

650 

350 

500 

650 

fiA 


R|_ = 0, Over Specified Temp Range 

300 



300 



fiA 

Peak Output Voltage 









Positive 

Ri_ = °°,5 fi A ^ Iabc ^ 500 /xA 

+ 12 

+ 14.2 


+ 12 

+ 14.2 


V 

Negative 

Rl = 00,5 jjlA <1 Iabc ^ 500 /mA 

-12 

-14.4 


-12 

-14.4 


V 

Supply Current 

Iabc = 500 jlxA, Both Channels 


2.6 



2.6 


mA 

Vos Sensitivity 









Positive 

A V 0S /AV + 


20 

150 


20 

150 

JLtV/V 

Negative 

AV 0 s/AV- 


20 

150 


20 

150 

jitV/V 

CMRR 


80 

110 


80 

110 


dB 

Common Mode Range 


±12 

±13.5 


±12 

±13.5 


V 

Crosstalk 

Referred to Input (Note 5) 


100 



100 


dB 


20 Hz < f < 20 kHz 








Differential Input Current 

•abc = 0, Input = ±4V 


0.02 

100 


0.02 

10 

nA 

Leakage Current 

•abc = 0 (Refer to Test Circuit) 


0.2 

100 


0.2 

5 

nA 
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Electrical Characteristics (Note 4) (continued) 


Conditions 


Input Resistance 


LM 13600 

Typ 

26 


2 


Unity Gain Compensated I 50 



Buffer Input Current (Note 5), Except Iabc = 0 juA 0.2 0.4 


Peak Buffer Output Voltage (Note 5) 10 10 V 

Note 1: For selections to a supply voltage above ±22V, contact factory. 

Note 2: For operating at high temperatures, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance of 175°C/W 
which applies for the device soldered in a printed circuit board, operating in still air. 

Note 3: Buffer output current should be limited so as to not exceed package dissipation. 

Note 4: These specifications apply for Vs = ± 15V, Ta = 25°C, amplifier bias current (Iabc) = 500 ju.A, pins 2 and 15 open unless otherwise specified. The inputs 
to the buffers are grounded and outputs are open. 

Note 5: These specifications apply for Vs = ±15V, Iabc = 500 juA, Rout = 5 kn connected from the buffer output to -Vs and the input of the buffer is 
connected to the transconductance amplifier output. 


Schematic Diagram 


One Operational Transconductance Amplifier 


DIODE BIAS 
2. 15 
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Typical Performance Characteristics 
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Input Bias Current 
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Peak Output Voltage and 
Common Mode Range 
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INPUT DIFFERENTIAL VOLTAGE 

Amplifier Bias Voltage vs 
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Circuit Description 

The differential transistor pair Q4 and Q5 form a transcon- 
ductance stage in that the ratio of their collector currents is 
defined by the differential input voltage according to the 
transfer function: 

V|N== v ln ! § (1) 

q l 4 

where Vin is the differential input voltage, kT/q is approxi- 
mately 26 mV at 25 °C and l 5 and l 4 are the collector cur- 
rents of transistors Q5 and Q 4 respectively. With the excep- 
tion of Q3 and Qi 3, all transistors and diodes are identical in 
size. Transistors Qi and Q2 with Diode Di form a current 
mirror which forces the sum of currents I4 and I5 to equal 
•abc; 

14 + 15 = lABC ( 2 ) 

where Iabc is the amplifier bias current applied to the gain 
pin. 

For small differential input voltages the ratio of I4 and I5 
approaches unity and the Taylor series of the In function 
can be approximated as: 


other. The remaining transistors and diodes form three cur- 
rent mirrors that produce an output current equal to I5 minus 
I4 thus: 

V|N Pw] = l0UT (5) 

The term in brackets is then the transconductance of the 
amplifier and is proportional to Iabc- 

Linearizing Diodes 

For differential voltages greater than a few millivolts, Equa- 
tion 3 becomes less valid and the transconductance be- 
comes increasingly nonlinear. Figure 1 demonstrates how 
the internal diodes can linearize the transfer function of the 
amplifier. For convenience assume the diodes are biased 
with current sources and the input signal is in the form of 
current Is- Since the sum of I4 and I5 is Iabc and the differ- 
ence is Iout. currents I4 and I5 can be written as follows: 

, Iabc ]out , Jabc , |oljt 

4 2 — r' l5 ” _ r + _ i _ 


kT , l 5 _ kT l 5 - l 4 

— In— ~ 

q l 4 q l 4 


Since the diodes and the input transistors have identical 
(3) geometries and are subject to similar voltages and tempera- 

tures, the following is true: 


14 


Is 


Iabc 

2 


Collector currents I4 and I5 are not very useful by them- 
selves and it is necessary to subtract one current from the 


Id + . Iabc + lout 

kT, 2 S kT 2 2 

— In = — In ; — 

q ]d _ - q Iabc _ W 
2 s 22 

lout = Is ( 21 |p BC ) for I 'si < ^ ( 6 ) 



2 Is 
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Linearizing Diodes (Continued) 

Notice that in deriving Equation 6 no approximations have 
been made and there are no temperature-dependent terms. 
The limitations are that the signal current not exceed Iq/ 2 
and that the diodes be biased with currents. In practice, 
replacing the current sources with resistors will generate 
insignificant errors. 

Controlled Impedance Buffers 


Applications — Voltage Controlled 
Amplifiers 

Figure 2 shows how the linearizing diodes can be used in a 
voltage-controlled amplifier. To understand the input bias- 
ing, it is best to consider the 13 kn resistor as a current 
source and use a Thevenin equivalent circuit as shown in 
Figure 3. This circuit is similar to Figure 1 and operates the 
same. The potentiometer in Figure 2 is adjusted to minimize 
the effects of the control signal at the output. 


The upper limit of transconductance is defined by the maxi- 
mum value of I abc (2 mA). The lowest value of Iabc for 
which the amplifier will function therefore determines the 
overall dynamic range. At very low values of Iabc. a buffer 
which has very low input bias current is desirable. An FET 
follower satisfies the low input current requirement, but is 
somewhat non-linear for large voltage swing. The controlled 
impedance buffer is a Darlington which modifies its input 
bias current to suit the need. For low values of Iabc. the 
buffer’s input current is minimal. At higher levels of Iabc. 
transistor Q3 biases up Q-12 with a current proportional to 
Iabc for fast slew rate. 


+Vs 


For optimum signal-to-noise performance, Iabc should be 
as large as possible as shown by the Output Voltage vs. 
Amplifier Bias Current graph. Larger amplitudes of input sig- 
nal also improve the S/N ratio. The linearizing diodes help 
here by allowing larger input signals for the same output 
distortion as shown by the Distortion vs. Differential Input 
Voltage graph. S/N may be optimized by adjusting the mag- 
nitude of the input signal via Rin (Figure 2) until the output 
distortion is below some desired level. The output voltage 
swing can then be set at any level by selecting Rj_. 
Although the noise contribution of the linearizing diodes is 
negligible relative to the contribution of the amplifier’s inter- 
nal transistors, Ip should be as large as possible. This mini- 
mizes the dynamic junction resistance of the diodes (r e ) and 
maximizes their linearizing action when balanced against 
RlN- A value of 1 mA is recommended for Ip unless the 
specific application demands otherwise. 

30 K 



GAIN 

CONTROL 


> OUTPUT 
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Stereo Volume Control 

The circuit of Figure 4 uses the excellent matching of the 
two LM13600 amplifiers to provide a Stereo Volume Control 
with a typical channel-to-channel gain tracking of 0.3 dB. Rp 
is provided to minimize the output offset voltage and may be 
replaced with two 51 OH resistors in AC-coupled applica- 
tions. For the component values given, amplifier gain is de- 
rived for Figure 2 as being: 

Vo 

TT" = 940 X l ABC 

V|N 


If Vc is derived from a second signal source then the circuit 
becomes an amplitude modulator or two-quadrant multiplier 
as shown in Figure 5 , where: 


l 0 = _£!§. (| ABC ) : 

Id 


— gjs V|N 2 21s (V- + 1.4V) 

Id Rc Id Rc 


1 — W\ 
? 15 K 
- Rp 


<Rl — ov 

SlOK l 

«ABC f JL > 5.1 K 


lABC H +15 V 


FIGURE 4. Stereo Volume Control 


-15 V TL/H/7980-1 1 


V|N2 

MODULATION 



FIGURE 5. Amplitude Modulator 
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Stereo Volume Control (Continued) 

The constant term in the above equation may be cancelled 
by feeding Is X IdRc ^ 2 (V - + 1.4V) into \q. The circuit of 
Figure 6 adds Rm to provide this current, resulting in a four- 
quadrant multiplier where Rc is trimmed such that Vq = 0 V 
for V|N 2 = OV. Rm also serves as the load resistor for Iq. 
Noting that the gain of the LM13600 amplifier of Figure 3 
may be controlled by varying the linearizing diode current Ip 
as well as by varying Iabc> Figure 7shows as AGC Amplifier 
using this approach. As Vq reaches a high enough ampli- 
tude (3 Vbe) to turn on the Darlington transistors and the 
linearizing diodes, the increase in \q reduces the amplifier 
gain so as to hold Vo at that level. 

Voltage Controlled Resistors 

An Operational Transconductance Amplifier (OTA) may be 
used to implement a Voltage Controlled Resistor as shown 


in Figure 8. A signal voltage applied at Rx generates a V|n 
to the LM 13600 which is then multiplied by the g m of the 
amplifier to produce an output current, thus: 


R x = 


R + Ra 

9m Ra 


where g m ~ 1 9.2 Iabc at 25°C. Note that the attenuation of 
Vq by R and Ra is necessary to maintain V|n within the 
linear range of the LM13600 input. 

Figure 9 shows a similar VCR where the linearizing diodes 
are added, essentially improving the noise performance of 
the resistor. A floating VCR is shown in Figure 10, where 
each “end” of the “resistor” may be at any voltage within 
the output voltage range of the LM13600. 





TL/H/7980-14 


TL/H/7980-15 


FIGURE 8 . Voltage Controlled Resistor, Single-Ended 
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Voltage Controlled Filters 

OTA’s are extremely useful for implementing voltage con- 
trolled filters, with the LM13600 having the advantage that 
the required buffers are included on the I.C. The VC Lo-Pass 
Filter of Figure 1 1 performs as a unity-gain buffer amplifier 
at frequencies below cut-off, with the cut-off frequency be- 
ing the point at which Xc/g m equals the closed-loop gain of 
(R/Ra). At frequencies above cut-off the circuit provides a 
single RC roll-off (6 dB per octave) of the input signal ampli- 
tude with a -3 dB point defined by the given equation, 


where g m is again 19.2 x I A bc at room temperature. Figure 
12 shows a VC High-Pass Filter which operates in much the 
same manner, providing a single RC roll-off below the de- 
fined cut-off frequency. 

Additional amplifiers may be used to implement higher order 
filters as demonstrated by the two-pole Butterworth Lo-Pass 
Filter of Figure 13 and the state variable filter of Figure 14. 
Due to the excellent g m tracking of the two amplifiers and 
the varied bias of the buffer Darlingtons, these filters per- 
form well over several decades of frequency. 



FIGURE 9. Voltage Controlled Resistor with Linearizing Diodes 




FIGURE 10. Floating Voltage Controlled Resistor 


mm 


1 50pf C 


FIGURE 11. Voltage Controlled Low-Pass Filter 
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Voltage Controlled Filters (Continued) 


30 K 



^A9m 

(R + Ra)2ttC 


TL/H/7980-19 


FIGURE 12. Voltage Controlled Hi-Pass Filter 
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Voltage Controlled Oscillators 

The classic Triangular/Square Wave VCO of Figure 15 is 
one of a variety of Voltage Controlled Oscillators which may 
be built utilizing the LM13600. With the component values 
shown, this oscillator provides signals from 200 kHz to be- 
low 2 Hz as lc is varied from 1 mA to 10 nA. The output 
amplitudes are set by Ia X Ra- Note that the peak differen- 
tial input voltage must be less than 5V to prevent zenering 
the inputs. 

A few modifications to this circuit produce the ramp/pulse 
VCO of Figure 16. When Vq 2 is high, Ip is added to lc to 


increase amplifier Al’s bias current and thus to increase the 
charging rate of capacitor C. When V 02 is low, Ip goes to 
zero and the capacitor discharge current is set by lc- 
The VC Lo-Pass Filter of Figure 1 1 may be used to produce 
a high-quality sinusoidal VCO. The circuit of Figure 16 em- 
ploys two LM 13600 packages, with three of the amplifiers 
configured as lo-pass filters and the fourth as a limiter/in- 
verter. The circuit oscillates at the frequency at which the 
loop phase-shift is 360° or 180° for the inverter and 60° per 
filter stage. This VCO operates from 5 Hz to 50 kHz with 
less than 1% THD. 



'c 'F 
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Voltage Controlled Oscillators (Continued) 



FIGURE 17. Sinusoidal VCO 



b-15 V 

TL/H/7980-25 

FIGURE 18. Single Amplifier VCO 

Figure 18 shows how to build a VCO using one amplifier 
when the other amplifier is needed for another function. 

Additional Applications 

Figure 19 presents an interesting one-shot which draws no 
power supply current until it is triggered. A positive-going 
trigger pulse of at least 2V amplitude turns on the amplifier 
through Rb and pulls the non-inverting input high. The am- 
plifier regenerates and latches its output high until capacitor 
C charges to the voltage level on the non-inverting input. 
The output then switches low, turning off the amplifier and 
discharging the capacitor. The capacitor discharge rate is 
increased by shorting the diode bias pin to the inverting in- 
put so than an additional discharge current flows through D| 
when the amplifier output switches low. A special feature of 
this timer is that the other amplifier, when biased from Vq, 
can perform another function and draw zero stand-by power 
as well. 


The operation of the multiplexer of Figure 20 is very straight- 
forward. When A1 is turned on it holds Vq equal to Vini and 
when A2 is supplied with bias current then it controls Vo- Cc 
and Rc serve to stabilize the unity-gain configuration of am- 
plifiers A1 and A2. The maximum clock rate is limited to 
about 200 kHz by the LM 13600 slew rate into 150 pF when 
the (V|ni-V|N 2) differential is at its maximum allowable value 
of 5V. 

The Phase-Locked Loop of Figure 21 uses the four-quad- 
rant multiplier of Figure 6 and the VCO of Figure 18 to pro- 
duce a PLL with a ±5% hold-in range and an input sensitivi- 
ty of about 306 mV. 
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FIGURE 19. Zero Stand-By Power Timer 
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Additional Applications (Continued) 



cc: 


:i5Q P f 


Rc> 300ft 
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FIGURE 20. Multiplexer 
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FIGURE 21. Phase Lock Loop 


The Schmitt Trigger of Figure 22 uses the amplifier output 
current into R to set the hysteresis of the comparator; thus 
Vh = 2 x R x lg. Varying lg will produce a Schmitt Trigger 
with variable hysteresis. 

Figure 23 shows a Tachometer or Frequency-to-Voltage 
converter. Whenever A1 is toggled by a positive-going input, 
an amount of charge equal to (Vh-V|_) Ct is sourced into Cf 
and Rt. This once-per-cycle charge is then balanced by the 
current of Vo/Rt- The maximum f|N is limited by the amount 
of time required to charge Ct from V|_ to Vh with a current of 
Ib, where Vi_ and Vh represent the maximum low and maxi- 


mum high output voltage swing of the LM13600. D1 is add- 
ed to provide a discharge path for C t when A1 switches low. 
The Peak Detector of Figure 24 uses A2 to turn on A1 
whenever Vin becomes more positive than Vq. A1 then 
charges storage capacitor C to hold Vq equal to VinPK. 
One precaution to observe when using this circuit: the Dar- 
lington transistor used must be on the same side of the 
package as A2 since the A1 Darlington will be turned on and 
off with A1 . Pulling the output of A2 low through D1 serves 
to turn off A1 so that Vq remains constant. 
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Additional Applications (Continued) 
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FIGURE 22. Schmitt Trigger 
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FIGURE 23. Tachometer 



FIGURE 24. Peak Detector and Hold Circuit 
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Additional Applications (Continued) 

The Sample-Hold circuit of Figure 25 also requires that the 
Darlington buffer used be from the other (A2) half of the 
package and that the corresponding amplifier be biased on 
continuously. The Ramp-and-Hold of Figure 26 sources Ib 
into capacitor C whenever the input to A1 is brought high, 
giving a ramp-rate of about 1 V/ ms for the component val- 
ues shown. 

The true-RMS converter of Figure 27 is essentially an auto- 
matic gain control amplifier which adjusts its gain such that 
the AC power at the output of amplifier A1 is constant. The 
output power of amplifier A1 is monitored by squaring ampli- 
fier A2 and the average compared to a reference voltage 
with amplifier A3. The output of A3 provides bias current to 
the diodes of A1 to attenuate the input signal. Because the 
output power of A1 is held constant, the RMS value is con- 
stant and the attentuation is directly proportional to the 
RMS value of the input voltage. The attenuation is also pro- 
portional to the diode bias current. Amplifier A4 adjusts the 
ratio of currents through the diodes to be equal and there- 
fore the voltage at the output of A4 is proportional to the 
RMS value of the input voltage. The calibration potentiome- 
ter is set such that Vq reads directly in RMS volts. 



RAMP 
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Additional Applications (Continued) 

The circuit of Figure 28 is a voltage reference of variable 
temperature coefficient. The 1 00 kfl potentiometer adjusts 
the output voltage which has a positive TC above 1 .2 V, zero 
TC at about 1 .2 V and negative TC below 1 .2V. This is ac- 
complished by balancing the TC of the A2 transfer function 
against the complementary TC of D1 . 

The log amplifier of Figure 29 responds to the ratio of cur- 
rents through buffer transistors Q3 and Q4. Zero tempera- 
ture dependence for Vqut is ensured because the TC of the 
A2 transfer function is equal and opposite to the TC of the 
logging transistors Q3 and Q4. 

The wide dynamic range of the LM13600 allows easy con- 
trol of the output pulse width in the Pulse Width Modulator 
of Figure 30. 

For generating Iabc over a range of 4 to 6 decades of cur- 
rent, the system of Figure 31 provides a logarithmic current 
out for a linear voltage in. 

Since the closed-loop configuration ensures that the input 
to A2 is held equal to 0V, the output current of A1 is equal to 
l 3 = -V c /Rc- 

The differential voltage between Q1 and Q2 is attenuated 
by the R1, R2 network so that A1 may be assumed to be 


operating within its linear range. From equation (5), the input 
voltage to A1 is: 


V| N 1 = 


— 2kTI 3 

ql 2 


2kTV c 

ql 2 Rc 


The voltage on the base of Q1 is then 


V B 1 = 


(Ri + R 2 )Vin1 
r i 


The ratio of the Q1 and Q2 collector currents is defined by: 


V Bl =^| n !2^in^2- 

q ici q H 

Combining and solving for Iabc yields: 

[ 2(R 1 + R 2 ) V c 


Iabc = h ©*P 


Ril 2 Rc 


This logarithmic current can be used to bias the circuit of 
Figure 4 provide a temperature independent stereo attenua- 
tion characteristic. 
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General Description 

The LM13700 series consists of two current controlled 
transconductance amplifiers, each with differential inputs 
and a push-pull output. The two amplifiers share common 
supplies but otherwise operate independently. Linearizing 
diodes are provided at the inputs to reduce distortion and 
allow higher input levels. The result is a 10 dB signal-to- 
noise improvement referenced to 0.5 percent THD. High im- 
pedance buffers are provided which are especially designed 
to complement the dynamic range of the amplifiers. 

Features 

■ 9m adjustable over 6 decades 

■ Excellent g m linearity 


■ Excellent matching between amplifiers 

■ Linearizing diodes 

■ High impedance buffers 

■ High output signal-to-noise ratio 

■ Wide supply range ±2V to ±22V 

Applications 

■ Current-controlled amplifiers 

■ Current-controlled impedances 

■ Current-controlled filters 

■ Current-controlled oscillators 

■ Multiplexers 

■ Timers 

■ Sample-and-hold circuits 


Connection Diagram 


Dual In-Line and Small Outline Packages 


AMP 


BIAS DIODE INPUT INPUT BUFFER BUFFER 

INPUT BIAS (+) (-) OUTPUT V + INPUT OUTPUT 



Top View 

Order Number LM13700M, LM13700N or LM13700AN 
See NS Package Number M16A or N16A 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Note 1) 

LM13700 36 V DC or ±18V 

LM 13700 A 44 V DC or ±22V 

Power Dissipation (Note 2) Ta = 25°C 
LM13700N, LM13700AN 570 mW 

Differential Input Voltage ± 5V 

Diode Bias Current (Ip) 2 mA 


Amplifier Bias Current (Iabc) 2 mA 

Output Short Circuit Duration Indefinite 

Buffer Output Current (Note 3) 20 mA 


Operating Temperature Range 
LM13700N, LM13700AN 
DC Input Voltage 
Storage Temperature Range 
Soldering Information 
Dual-In-Line Package 
Soldering (10 sec.) 

Small Outline Package 
Vapor Phase (60 sec.) 
Infrared (15 sec.) 


0°C to +70°C 
+ V§ to - Vs 
— 65°C to + 150°C 

260°C 

215°C 

220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Electrical Characteristics (Note 4) 


Parameter 

Conditions 

LM 13700 

LM 13700 A 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage (Vos) 



0.4 

4 


0.4 

1 



Over Specified Temperature Range 






2 

mV 


Iabc = 5 p,A 


0.3 

4 


0.3 

1 


Vos Including Diodes 

Diode Bias Current (Ip) = 500 jllA 


0.5 

5 


0.5 

2 

mV 

Input Offset Change 

5 julA ^ Iabc ^ 500 juA 


0.1 

3 


0.1 

1 

mV 

Input Offset Current 



0.1 

0.6 


0.1 


jmA 

Input Bias Current 

Over Specified Temperature Range 

mm 

0.4 

5 


0.4 

5 

ju,A 












1 

8 


1 

7 


Forward 


6700 

9600 

13000 

7700 

9600 


jLtmho 

Transconductance (g m ) 

Over Specified Temperature Range 

5400 



4000 



g m Tracking 








dB 

Peak Output Current 

Rl = o. Iabc = 5 pA 


5 



5 

7 



Rl = o. Iabc = 500 juA 






650 

jllA 


Rl = 0, Over Specified Temp Range 

300 







Peak Output Voltage 



■HR 



■H 



Positive 

R|_ = 5 fx A <i Iabc ^ 500 jllA 

+ 12 

9 


+ 12 




Negative 

Rl = °°, 5 jtiA <. Iabc ^ 500 ju,A 

-12 

mm 


-12 




Supply Current 

Iabc = 500 jxA, Both Channels 


2.6 





mA 

Vos Sensitivity 



n 

m 



m 


Positive 

A V 0S MV + 


■ 

: 


20 


l ulV/V 

Negative 

av os /av~ 





20 


fiV/V 

CMRR 


80 



80 

110 


dB 

Common Mode Range 


±12 






V 

Crosstalk 








dB 




■■■ 






Differential Input Current 

Iabc = 0, Input = ±4V 





0.02 

10 

nA 

Leakage Current 

Iabc = 0 (Refer to Test Circuit) 


0.2 



0.2 

5 

nA 

Input Resistance 


10 

26 


10 

26 


k n 


2 
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Electrical Characteristics (Note 4) (Continued) 


Open Loop Bandwidth 
Slew Rate 
Buffer Input Current 
Peak Buffer Output Voltage 


LM13700 

Typ 


I 2 


LM13700A 

Typ 


2 


Slew Rate Unity Gain Compensated 

Buffer Input Current (Note 5) 


Peak Buffer Output Voltage (Note 5) 


Note 1: For selections to a supply voltage above ±22V, contact factory. 

Note 2: For operation at ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal 
resistance, junction to ambient, as follows: LM13700N, 90°C/W; LM13700M, 110°C/W. 

Note 3: Buffer output current should be limited so as to not exceed package dissipation. 

Note 4: These specifications apply for Vs = ± 15V, T A = 25°C, amplifier bias current (l AB c) = 500 ju,A, pins 2 and 15 open unless otherwise specified. The inputs 
to the buffers are grounded and outputs are open. 

Note 5: These specifications apply for Vs = ±15V, l AB c = 500 jiA, Rout = 5 kft connected from the buffer output to -V B and the input of the buffer is 
connected to the transconductance amplifier output. 


Schematic Diagram 


DIODE BIAS 
2.15* 


One Operational Transconductance Amplifier 


Ubh- 

UD4 

mot— 

irD6 




mo| 

n BUFFER 





INPUT 



-JQ7 


■J 7.10 J 

— IQ11 o— II 

M2 


S ? 13 ~ BUFFER 

° OUTPUT 8,9 
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Circuit Description 

The differential transistor pair Q 4 and Q 5 form a transcon- 
ductance stage in that the ratio of their collector currents is 
defined by the differential input voltage according to the 
transfer function: 


v in = 7- |n r (1) 

q l 4 

where Vin is the differential input voltage, kT/q is approxi- 
mately 26 mV at 25°C and I 5 and l 4 are the collector cur- 
rents of transistors Q 5 and Q 4 respectively. With the excep- 
tion of Q 3 and Qi 3 , all transistors and diodes are identical in 
size. Transistors Q-| and Q 2 with Diode D-| form a current 
mirror which forces the sum of currents l 4 and I 5 to equal 
Iabc; 

U + *5 = Iabc (2) 

where Iabc is the amplifier bias current applied to the gain 
pin. 

For small differential input voltages the ratio of l 4 and I 5 
approaches unity and the Taylor series of the In function 
can be approximated as: 


kT 

q 


V| N 


In '5 == kT '5 - '4 

(3) 

l 4 q l 4 


, _ , _ Iabc 

U ~ I 5 — 


c. 

(4) 

[ lABC q l , , 


Iwr ' 5 -' 4 



Collector currents I 4 and I 5 are not very useful by them- 
selves and it is necessary to subtract one current from the 
other. The remaining transistors and diodes form three cur- 
rent mirrors that produce an output current equal to I 5 minus 
I 4 thus: 



The term in brackets is then the transconductance of the 
amplifier and is proportional to Iabc- 


Linearizing Diodes 

For differential voltages greater than a few millivolts, Equa- 
tion 3 becomes less valid and the transconductance be- 
comes increasingly nonlinear. Figure 1 demonstrates how 
the internal diodes can linearize the transfer function of the 
amplifier. For convenience assume the diodes are biased 
with current sources and the input signal is in the form of 
current Is- Since the sum of I 4 and I 5 is Iabc and the differ- 
ence is Iout. currents I 4 and I 5 can be written as follows: 

1 [out , _ Iabc , Iqut 

4 2 — r- 5 - ~ + ~ 

Since the diodes and the input transistors have identical 
geometries and are subject to similar voltages and tempera- 
tures, the following is true: 

Id , , |abc , Iqut 

kT, 2 S kT , 2 2 

— In- = — In- 

q ]d , q Iabc _ Iqut 
2 s 22 

Iout = Is (~^p) for I'sl < ^ ( 6 ) 

Notice that in deriving Equation 6 no approximations have 
been made and there are no temperature-dependent terms. 
The limitations are that the signal current not exceed \q/2 
and that the diodes be biased with currents. In practice, 
replacing the current sources with resistors will generate 
insignificant errors. 

Applications: 

Voltage Controlled Amplifiers 

Figure 2 shows how the linearizing diodes can be used in a 
voltage-controlled amplifier. To understand the input bias- 
ing, it is best to consider the 13 kft resistor as a current 
source and use a Thevenin equivalent circuit as shown in 
Figure 3. This circuit is similar to Figure 1 and operates the 
same. The potentiometer in Figure 2 is adjusted to minimize 
the effects of the control signal at the output. 
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Applications: 

Voltage Controlled Amplifiers (Continued) 

For optimum signal-to-noise performance, Iabc should be 
as large as possible as shown by the Output Voltage vs. 
Amplifier Bias Current graph. Larger amplitudes of input sig- 
nal also improve the S/N ratio. The linearizing diodes help 
here by allowing larger input signals for the same output 
distortion as shown by the Distortion vs. Differential Input 
Voltage graph. S/N may be optimized by adjusting the mag- 
nitude of the input signal via Rin (Figure 2) until the output 


distortion is below some desired level. The output voltage 
swing can then be set at any level by selecting R|_. 
Although the noise contribution of the linearizing diodes is 
negligible relative to the contribution of the amplifier’s inter- 
nal transistors, Iq should be as large as possible. This mini- 
mizes the dynamic junction resistance of the diodes (r e ) and 
maximizes their linearizing action when balanced against 
Rin. A value of 1 mA is recommended for Id unless the 
specific application demands otherwise. 


+Vs 30 K 



GAIN 

CONTROL 


OUTPUT 


TL/H/7981-9 

FIGURE 2. Voltage Controlled Amplifier 



FIGURE 3. Equivalent VCA Input Circuit 


TL/H/7981-10 
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Stereo Volume Control 

The circuit of Figure 4 uses the excellent matching of the 
two LM13700 amplifiers to provide a Stereo Volume Control 
with a typical channel-to-channel gain tracking of 0.3 dB. Rp 
is provided to minimize the output offset voltage and may be 
replaced with two 510fl resistors in AC-coupled applica- 
tions. For the component values given, amplifier gain is de- 
rived for Figure 2 as being: 

Vo 

7T = 940 X l ABC 

V|N 


If Vc is derived from a second signal source then the circuit 
becomes an amplitude modulator or two-quadrant multiplier 
as shown in Figure 5, where: 


lo = 


-2I S 


Oabc) = 


-2I S V| N2 2I S (V + 1.4V) 


l D Id Rc Id Rc 

The constant term in the above equation may be cancelled 
by feeding 1$ X IdRc / 2 (V _ + 1.4V) into lo- The circuit of 
Figure 6 adds Rm to provide this current, resulting in a four- 
quadrant multiplier where Rc is trimmed such that Vq = 0V 
for V|N 2 = 0V. Rm also serves as the load resistor for Iq. 



TL/H/7981 -1 1 



TL/H/7981 -12 
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Stereo Volume Control (Continued) 



FIGURE 6. Four-Quadrant Multiplier 


Noting that the gain of the LM13700 amplifier of Figure 3 
may be controlled by varying the linearizing diode current Ip 
as well as by varying I A bc« Figure 7 shows an AGC Amplifier 
using this approach. As Vq reaches a high enough ampli- 
tude (3Vbe) to turn on the Darlington transistors and the 
linearizing diodes, the increase in Id reduces the amplifier 
gain so as to hold Vo at that level. 

Voltage Controlled Resistors 

An Operational Transconductance Amplifier (OTA) may be 
used to implement a Voltage Controlled Resistor as shown 
in Figure 8 . A signal voltage applied at Rx generates a Vin 


to the LM13700 which is then multiplied by the g m of the 
amplifier to produce an output current, thus: 

_ R + R a 

Rx- -^r 

where g m ~ 19.2 I A bc at 25°C. Note that the attenuation of 
Vq by R and R A is necessary to maintain Vin within the 
linear range of the LM13700 input. 

Figure 9 shows a similar VCR where the linearizing diodes 
are added, essentially improving the noise performance of 
the resistor. A floating VCR is shown in Figure 10 , where 
each “end” of the “resistor” may be at any voltage within 
the output voltage range of the LM 13700. 



FIGURE 7. AGC Amplifier 
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Voltage Controlled Filters 

OTA’s are extremely useful for implementing voltage con- 
trolled filters, with the LM 13700 having the advantage that 
the required buffers are included on the I.C. The VC Lo-Pass 
Filter of Figure 1 1 performs as a unity-gain buffer amplifier 
at frequencies below cut-off, with the cut-off frequency be- 
ing the point at which Xc/g m equals the closed-loop gain of 
(R/Ra). At frequencies above cut-off the circuit provides a 
single RC roll-off (6 dB per octave) of the input signal ampli- 
tude with a -3 dB point defined by the given equation, 
where g m is again 1 9.2 X Iabc at r oo m temperature. Figure 


12 shows a VC High-Pass Filter which operates in much the 
same manner, providing a single RC roll-off below the de- 
fined cut-off frequency. 

Additional amplifiers may be used to implement higher order 
filters as demonstrated by the two-pole Butterworth Lo-Pass 
Filter of Figure 13 and the state variable filter of Figure 14 . 
Due to the excellent g m tracking of the two amplifiers, these 
filters perform well over several decades of frequency. 


100 K 100 K 



30 K 



TL/H/7981-18 

FIGURE 11. Voltage Controlled Low-Pass Filter 
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Voltage Controlled Filters (Continued) 



mm 



u (R + R a ) 2ttC 


FIGURE 12. Voltage Controlled Hi-Pass Filter 
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vw 
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FIGURE 13. Voltage Controlled 2-Pole Butterworth Lo-Pass Filter 


R A g m >io k 


6-15 V 
TL/H/7981-20 





0 BANDPASS OUT 

FIGURE 14. Voltage Controlled State Variable Filter 
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Voltage Controlled Oscillators 

The classic Triangular/Square Wave VCO of Figure 15 is 
one of a variety of Voltage Controlled Oscillators which may 
be built utilizing the LM 13700. With the component values 
shown, this oscillator provides signals from 200 kHz to be- 
low 2 Hz as lc is varied from 1 mA to 1 0 nA. The output 
amplitudes are set by Ia X Ra- Note that the peak differen- 
tial input voltage must be less than 5 V to prevent zenering 
the inputs. 

A few modifications to this circuit produce the ramp/pulse 
VCO of Figure 16. When V 02 is high, Ip is added to lc to 


increase amplifier A1 ’s bias current and thus to increase the 
charging rate of capacitor C. When V 02 is low, Ip goes to 
zero and the capacitor discharge current is set by lc- 
The VC Lo-Pass Filter of Figure 1 1 may be used to produce 
a high-quality sinusoidal VCO. The circuit of Figure 16 em- 
ploys two LM 13700 packages, with three of the amplifiers 
configured as lo-pass filters and the fourth as a limiter/in- 
verter. The circuit oscillates at the frequency at which the 
loop phase-shift is 360° or 1 80° for the inverter and 60° per 
filter stage. This VCO operates from 5 Hz to 50 kHz with 
less than 1 % THD. 



FIGURE 1 5. Triangular/Square-Wave VCO tl/h/798i -22 


•c 'f 



TL/H/7981-23 

FIGURE 16. Ramp/Pulse VCO 
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Voltage Controlled Oscillators (Continued) 

30 K 



Additional Applications 

Figure 19 presents an interesting one-shot which draws no 
power supply current until it is triggered. A positive-going 
trigger pulse of at least 2V amplitude turns on the amplifier 
through Rb and pulls the non-inverting input high. The am- 
plifier regenerates and latches its output high until capacitor 
C charges to the voltage level on the non-inverting input. 
The output then switches low, turning off the amplifier and 
discharging the capacitor. The capacitor discharge rate is 
speeded up by shorting the diode bias pin to the inverting 
input so that an additional discharge current flows through 
D| when the amplifier output switches low. A special feature 
of this timer is that the other amplifier, when biased from Vq, 
can perform another function and draw zero stand-by power 
as well. 


10 K 



Figure 18 shows how to build a VCO using one amplifier 
when the other amplifier is needed for another function. 


_r 
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Additional Applications (Continued) 

The operation of the multiplexer of Figure 20 is very straight- The Phase-Locked Loop of Figure 21 uses the four-quad- 

forward. When A1 is turned on it holds Vo equal to Vini and rant multiplier of Figure 6 and the VCO of Figure 18 to pro- 

when A2 is supplied with bias current then it controls Vq. Cq duce a PLL with a ± 5% hold-in range and an input sensitivi- 

and Rc serve to stabilize the unity-gain configuration of am- ty of about 300 mV. 

plifiers A1 and A2. The maximum clock rate is limited to 
about 200 kHz by the LM13700 slew rate into 150 pF when 
the (V|ni-V|N 2 ) differential is at its maximum allowable val- 
ue of 5 V. 



TL/H/7981-27 

FIGURE 20. Multiplexer 


30 K 



FIGURE 21. Phase Lock Loop 
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Additional Applications (Continued) 

The Schmitt Trigger of Figure 22 uses the amplifier output 
current into R to set the hysteresis of the comparator; thus 
V H = 2 X R x lg. Varying lg will produce a Schmitt Trigger 
with variable hysteresis. 

82 K 



Figure 23 shows a Tachometer or Frequency-to-Voltage 
converter. Whenever A1 is toggled by a positive-going input, 
an amount of charge equal to (Vh-Vl) Ct is sourced into Cf 
and Rt- This once per cycle charge is then balanced by the 
current of Vo/Rt- The maximum Fin is limited by the amount 
of time required to charge C t from Vl to Vh with a current of 
lg, where Vl and Vh represent the maximum low and maxi- 
mum high output voltage swing of the LM13700. D1 is add- 
ed to provide a discharge path for C t when A1 switches low. 
The Peak Detector of Figure 24 uses A2 to turn on A1 
whenever Vin becomes more positive than Vq. A1 then 
charges storage capacitor C to hold Vq equal to V|n PK. 
Pulling the output of A2 low through D1 serves to turn off A1 
so that Vq remains constant. 




2 
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Additional Applications (Continued) 

The Ramp-and-Hold of Figure 26 sources Ib into capacitor 
C whenever the input to A1 is brought high, giving a ramp- 
rate of about 1 V/ms for the component values shown. 

The true-RMS converter of Figure 27 is essentially an auto- 
matic gain control amplifier which adjusts its gain such that 
the AC power at the output of amplifier A1 is constant. The 
output power of amplifier A1 is monitored by squaring ampli- 
fier A2 and the average compared to a reference voltage 
with amplifier A3. The output of A3 provides bias current to 
the diodes of A1 to attenuate the input signal. Because the 
output power of A1 is held constant, the RMS value is con- 
stant and the attenuation is directly proportional to the RMS 
value of the input voltage. The attenuation is also propor- 
tional to the diode bias current. Amplifier A4 adjusts the ratio 
of currents through the diodes to be equal and therefore the 
voltage at the output of A4 is proportional to the RMS value 
of the input voltage. The calibration potentiometer is set 
such that Vq reads directly in RMS volts. 



RAMP 

UP 



TL/H/7981 -33 
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Additional Applications (Continued) 



The circuit of Figure 28 is a voltage reference of variable 
Temperature Coefficient. The 100 kn potentiometer adjusts 
the output voltage which has a positive TC above 1 .2V, zero 
TC at about 1.2V, and negative TC below 1.2V. This is ac- 
complished by balancing the TC of the A2 transfer function 
against the complementary TC of D1. 

The wide dynamic range of the LM13700 allows easy con- 
trol of the output pulse width in the Pulse Width Modulator 
of Figure 29. 

For generating Iabc over a range of 4 to 6 decades of cur- 
rent, the system of Figure 30 provides a logarithmic current 
out for a linear voltage in. 

Since the closed-loop configuration ensures that the input 
to A2 is held equal to 0V, the output current of A1 is equal to 
Ig = -V C /R C - 

The differential voltage between Q1 and Q2 is attenuated 
by the R1,R2 network so that A1 may be assumed to be 


operating within its linear range. From equation (5), the input 
voltage to A1 is: 

w ^ — 2kTI 3 — 2kTV c 

V IN> = — : — = , D — 

ql 2 qIgRc 

The voltage on the base of Q1 is then 

(Ri + R2 )Vin1 


v b i =■ 


Ri 


w 1 _kT Jc2_kT 
V B 1 — — In - — 

q ici q 


ln- 


The ratio of the Q1 and Q2 collector currents is defined by: 

. Jabc 

h 

Combining and solving for Iabc yields: 

, _ _2(R, +R 2 )V C 
Iabc - 11 exp Rl l 2 Rc 

This logarithmic current can be used to bias the circuit of 
Figure 4 to provide temperature independent stereo attenu- 
ation characteristic. 
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Additional Applications (Continued) 
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ADVANCED INFORMATION 


LM 18272 Dual Power Operational Amplifier 


General Description 

The LM18272 is a dual operational amplifier capable of low 
output saturation voltages at high output currents. It is suit- 
able for driving small motors and solenoids in both linear 
and saturated modes of operation. Thermal limiting and 
wide differential input voltage range reduce external protec- 
tion requirements. 


Features 

■ Full output swing at ±500 mA 

■ Wide operating, power supply range (4.5V to 24V) 

■ Internally compensated for unity gain 

■ Thermal shutdown protected 

■ High differential input voltage 

■ Input CM range includes ground 

■ Dual Op-Amp in 8-lead Mini Dip 


Connection Diagram 


OUTPUT A 

v supply( + ) 
OUTPUT B 

v supply(“) 


Order Number LM18272N 
See NS Package Number N08E 



-INVERTING INPUT A 
-NON-INVERTING INPUT A 
-NON-INVERTING INPUT B 
-INVERTING INPUT B 


TL/H/9310-1 



TL/H/9310-2 
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PRELIMINARY 


LMC660AM /LMC660AI /LMC660C 
CMOS Quad Operational Amplifier 


General Description 

The LMC660 CMOS Quad operational amplifier is ideal for 
operation from a single supply. It is fully specified for opera- 
tion from +5V to +15V and features rail-to-rail output 
swing in addition to an input common-mode range that in- 
cludes ground. Performance limitations that have plagued 
CMOS amplifiers in the past are not a problem with this 
design. Input Vqs> drift, and broadband noise as well as 
voltage gain into realistic loads (2 kft and 600ft) are all 
equal to or better than widely accepted bipolar equivalents. 
This chip is built with National’s advanced Double-Poly Sili- 
con-Gate CMOS process. 


Features 

■ Rail-to-rail output swing 

■ Specified for 2 kft and 600ft loads 

■ High voltage gain 126 dB 

■ Low input offset voltage 3 mV max 

a Low offset voltage drift 1 .3 jllV/°C 

b Ultra low input bias current 40 fA 

■ Input common-mode includes GND 

fl Operation guaranteed from + 5V to + 1 5V 
B Iss = 375 jaA/amplifier; independent of V + 
b Low distortion 0.01% at 10 kHz 

b Slew rate 1.1 V//xs 

a Insensitive to latch-up 


Connection Diagram 


14 Pin DIP 

H 13 12 11 10 9 8 



Order Number LMC660AMD or 
LMC660AID 

Order Number LMC660AIN or 
LMC660CN 

See NS Package Number D14E or N14A 


Output Swing 


5V 


OV 


v + = 5V R L = 2 kft 


TL/H/8767-2 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Differential Input Voltage ± Supply Voltage 

Either Input beyond V + or V - 0.7V 

Supply Voltage 16V 

Output Short Circuit to GND (Note 1 ) Continuous 

Lead Temperature (Soldering, 1 0 sec.) 260°C 


DC Electrical Characteristics (Note 3) 


Storage Temp. Range 
Operating Temperature Range 
LMC660AM 
LMC660AI 
LMC660C 

Operating Supply Range 
Junction Temperature (Note 2) 
ESD rating is to be determined. 


— 65°C to +150°C 

— 55°Cto +125°C 
— 40°C to +85°C 
0°Cto +70°C 
4.75V to 15.5V 
150°C 





LMC660AM 

LMC660AI 

LMC660C 


Parameter 

Conditions 

Typ 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Units 

Input Offset Voltage 


1 

3 


3 

3.3 

6 

6.3 

mV 




3.5 






max 

Input Offset Voltage 
Average Drift 


1.3 







jaV/°C 

Input Bias Current 

(Note 9) 

0.04 

20 


20 

4 


2 

pA 




30 






max 

Input Offset Current 

(Note 9) 

0.01 

20 


20 

2 


1 

pA 




30 






max 

Input Resistance 


>1 







Terrafl 

Common Mode 

OV <; V C m ^ 12.0V 

83 

70 


72 

68 

63 

62 

dB 

Rejection Ratio 

V + = 15V 


68 






min 

Positive Power Supply 

5V<; v + <; 15V 

83 

70 


70 

68 

68 

62 

dB 

Rejection Ratio 

V 0 = 2.5V 


68 






min 

Negative Power Supply 

ov <; V" ^ -lov 

94 

84 


84 

83 

74 

73 

dB 

Rejection Ratio 



82 






min 

Input Common-Mode 

V + = 5V&15V 

-0.4 

-0.1 


-0.1 

O 

-0.1 

O 

V 

Voltage Range 

ForCMRR S 50 dB 


0 






max 



V + - 1.9 

V + - 2.3 


CO 

c\i 

1 

+ 

> 

V + - 2.5 

V + - 2.3 

V + - 2.4 

V 




V + - 2.6 






min 

Large Signal 

R l = 2 kft (Note 6) 









Voltage Gain 

Sourcing 

2000 

400 


400 

440 

200 

300 

V/mV 




300 






min 


Sinking 

500 



180 



80 

V/mV 




70 






min 


R l = 600H (Note 6) 










Sourcing 

1000 

200 


200 

220 

100 

150 

V/m V 




150 






min 


Sinking 

250 

100 


100 

60 

50 

40 

V/mV 




35 






min 
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DC Electrical Characteristics (Note 3) (Continued) 






LMC660AI 

LMC660C 


Parameter 

Conditions 

Typ 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Tested 

Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Units 

Output Swing 

< 

+ 

II 

Ol 

< 




4.82 

4.79 

4.78 

4.76 

V 


R L = 2kfttoV+/2 


4.77 






min 




0.15 


0.15 

0.17 

0.19 

0.21 

V 










max 


V+ = 5V 

BUM 

4.41 


4.41 

4.31 

4.27 

4.21 

V 


R l = 600ntoV+/2 

■1 

4.24 






min 






0.50 

0.56 

0.63 

0.69 

V 



mm 







max 


V+ = 15V 





14.44 

14.37 

14.32 

V 


R l = 2kfttoV+/2 


14.40 






min 







0.40 

0.44 

0.48 

V 



mm 

0.43 






max 


V+ = 15V 




13.35 

13.15 

12.92 

12.76 

V 


R l = 600ntoV+/2 

mm 







min 




1.16 



1.32 

1.45 

1.58 

V 




1.42 






max 

Output Current 

Sourcing, Vq = OV 

22 

16 


16 

14 

13 

11 

mA 

V+ = 5V 



12 






min 


Sinking, Vq = 5V 

21 

16 


16 

14 

13 

11 

mA 




12 






min 

Output Current 

Sourcing, Vo = OV 

40 

19 


28 

25 

23 

21 

mA 

V+ = 15V 



19 






min 


Sinking, Vq = 13V 


19 


28 

24 

23 

20 

mA 




19 






min 

Supply Current 

All Four Amplifiers 

1.5 

2.2 


2.2 

2.6 

2.7 

2.9 

mA 




2.9 






min 
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LMC660AM /LMC660AI /LMC660C 


AC Electrical Characteristics (Note 3) 


Parameter 

Conditions 

Hj 

LMC660AM 

LMC660AI 

LMC660C 

Units 

Tested 

Limit 
(Note 4) 


Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 



Slew Rate 

(Note 7) 

N 













Bii 

Gain-Bandwidth Product 









MHz min 

Phase Margin 


50 







Deg 

Gain Margin 









dB 

Amp-to-Amp Isolation 

(Note 8) 

130 







dB 

Input Referred Voltage Noise 

F = 1 kHz 








n V/f Hz 

Input Referred Current Noise 

F = 1 kHz 

0.0002 








Total Harmonic Distortion 

F = 10 kHz, A v = -10 
R L = 2 kfl, V 0 = 8 Vpp 

0.01 


■ 

■ 

■ 


■ 

H 


Note 1: Applies to both single supply and split supply operation. Continuous short circuit operation at elevated ambient temperature and/or multiple Op Amp 
shorts can result in exceeding the maximum allowed junction temperature of 1 50°C. 

Note 2: The junction-to-ambient thermal resistance of the molded plastic DIP (N) is 75°C/W., the molded plastic SO (M) package is 105°C/W., and the cavity 
DIP (D) package is 92°C/W. All numbers apply for packages soldered directly into a PC board. 

Note 3: Unless otherwise specified, all limits guaranteed for Ta = Tj = 25°C. Boldface limits apply at the temperature extremes. V + — 5V, V - = OV, 
Vcm = 1 - 5V > v 0 = V + /2, and Rl > 1 Mft unless otherwise specified. 

Note 4: These limits are guaranteed and are used in calculating outgoing AQL. 

Note 5: These limits are guaranteed, but are not used in calculating outgoing AQL. 

Note 6: V + = 15V, Vcm = 7.5V and Rl connected to 7.5V. For Sourcing tests, 7.5V ^ Vo ^ 11.5V. For Sinking tests, 2.5V £ Vq ^ 7.5V. 

Note 7: V + = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates. 

Note 8: Input referred. V + = 15V and Rl = 10 kfl connected to V + /2. Each amp excited in turn with 1 kHz to produce Vo = 13 Vpp. 

Note 9: The specifications in the Design Limit column reflect the true performance of the part, while those in the Tested Limit column are degraded to allow for 
the unavoidable inaccuracies involved in cost-effective high-speed automatic testing. 
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National 

Semiconductor 

Corporation 


PRELIMINARY 


LMC668A/LMC668 Chopper Stabilized Operational 
Amplifier 


General Description 

The LMC668 is a high performance versatile chopper-stabi- 
lized amplifier with low input offset voltage. This low offset is 
achieved through a nulling scheme that provides continuous 
error correction. A nulling amplifier alternately nulls itself 
and the main amplifier. Two external capacitors are used to 
store the correcting voltages on the amplifier nulling inputs. 
The LMC668 has exceptionally low offset drift over time and 
temperature. The nulling circuit also provides for very high 
open loop gain, CMRR, and PSRR at low frequencies. 

The clock oscillator and all the other control circuitry are 
completely self contained. The 14-pin version has an Inter- 
nal/External Clock select pin and an External Clock In pin 
for use in applications requiring synchronized or special 
chopping frequencies. The 8-pin version does not allow for 
an external clock or the output clamp. Both versions are pin 
compatible replacements for the ICL7650 series of parts. 

Features 

■ Low input offset voltage 

a High gain, CMRR and PSRR 

m Low offset voltage drift with time and temperature 


B Low DC input bias current 
B Low intermodulation effects 


Key Specifications 

B Input offset voltage < ±5 juV 

B DC input bias current <60 pA 

B Large signal voltage gain >10 6 V/V 

m Common mode rejection ratio >120 dB 

B Power supply rejection ratio > 1 20 dB 

s Internal chopping frequency Typ 200 Hz 


Ordering Information 


Part 

Temp Range 

Package 

LMC668ACJ 

0°C to 70°C 

14 pin CERDIP 

LMC668CJ 

0°C to 70°C 

14 pin CERDIP 

LMC668ACJ-8 

0°C to 70°C 

8 pin CERDIP 

LMC668CJ-8 

0°C to 70°C 

8 pin CERDIP 

LMC668ACN 

0°C to 70°C 

14 pin Plastic 

LMC668CN 

0°C to 70°C 

14 pin Plastic 

LMC668ACN-8 

0°C to 70°C 

8 pin Plastic 

LMC668CN-8 

0°C to 70°C 

8 pin Plastic 


Typical Applications 


Connection Diagram 


Inverting Amplifier with Optional Clamp 

R1 R2 



c aH 

IN 1 

+IN — I 

V — 


LMC668-8 

TT 


8 -C B 
7 — V+ 

6 —OUTPUT 
5 C R 


Top View 


TL/H/9128-2 


LMC668 


c b“ 

1 

14 

c A - 

2 

13 

NC(GUARD) - 

3 

12 

-IN- 

4 

11 

+IN- 

5 

10 

NC(GUARD) - 

6 

9 

V- — 

7 

8 


-INT/EXT 
-EXT CLK IN 

- INT CCLK OUT 

— V+ 

-OUTPUT 
-OUTPUT CLAMP 

Cn 


TL/H/9128-9 


Top View 


2 
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Absolute Maximum Ratings (Note d 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (V + to V ~ ) 18V 

Input Voltage (V+ + 0.3V) to (V~ - 0.3V) 

Voltage on Oscillator Control Pins V+ to V~ 

Except EXT CLOCK IN: (V+ + 0.3V) to (V+ - 6.0V) 

Duration of Output Short Circuit Indefinite 

Current into any pin 1 0 mA 

— while operating (Note 2) 1 00 jutA 

Lead Temperature (Soldering, 1 0 sec.) 300°C 

ESD Susceptibility (Note 4) 1 500V 

Power Dissipation (Note 3) 

CERDIP J Package 500 mW 

Plastic N Package 375 mW 

Operating Temperature Range Tmin ^ t a ^ t max 

LMC668ACJ/CJ 0°C to 70°C 

LMC668ACN/CN 0°C to 70°C 

Storage T emperature Range - 65°C to + 1 50 °C 

Maximum Junction Temperature 125°C 

Electrical Characteristics: Vsupply = ± 5V unless otherwise noted. Boldface limits apply over temper- 
ature, Tmin ^ ^ Tmax* For others limits Ty\ = 25°C. 




LMC668A 

LMC668 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

Tested 

Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Typ 

(Note 5) 

Tested 

Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Limit 

Units 

Vos 

Input Offset Voltage 

0V Common Mode 

±1 

±5 

±15 

±1 

±10 

±20 

1 ^ 

AVos 

AT 

Average Temperature 
Coefficient of Input 
Offset Voltage 

CJ Suffix Parts 

CN Suffix Parts 

■ 



a 



m 

*Bias 

Input Bias Current 

0V Common Mode 

±20 

±60 


±20 



pA 

Rin 

Input Resistance 





1012 



a 

AvOL 

Large Signal 

Voltage Gain 

R l = 10 Ka 

5x106 

1x106 

0.5x1 0 6 

5x106 

1x106 

0.5x106 

v/v 

v OUT 

Output Voltage 

Swing 

Clamp not 1 R[_ = 10 Ka 
ConnectedJR[_ = 100 Ka 

m 



EH 


±4.7 

V 

V 

CMVR 

Common Mode 

Voltage Range 





-5.2 to 

+ 2.0 

-5.0 to 

+ 1.6 

-5.0 to 

+ 1.6 

V 

V 


Common Mode 
Rejection Ratio 

CMVR = — 5V to + 1.6V 

Q 


m 

n§ 



dB 

PSRR 

Power Supply 

Rejection Ratio 

±3V to ±8V 



108 





V+ toV- 

Operating Supply 
Range (Note 1) 



4.5 to 

16 

4.5 to 

16 

■ 



1 

Isupp 

Supply Current 

No Load 

1.8 


3.5 

1.8 


3.5 

mA 

^CLK 

Internal Chopping 
Frequency 

pins 13 and 14 open 
(14 pin DIP) 






70 

to 375 

Hz 

Hz 


Clamp ON Current 
(Note 8) 

R L = 100 Ka 







jliA 

jliA 

m 

Clamp Off Current 
(Note 8) 

-4.0V < Vout < + 4.0V 

1 



■ 



pA 


Input Noise Voltage 


2 



2 



jxVp-p 


Input Noise Current 

f = 10 Hz 

0.01 



0.01 



pA/VHZ 

GBW 

Unity Gain Bandwidth 


1.0 



1.0 



MHz 

SR 

Slew Rate 

C L = 50 pF, R L = 10 Ka 







V/jlis 

tr 

Rise Time 


0.2 






JXS 


Overshoot 


20 



20 



% 


Offset Voltage vs Time 


100 



100 



nV/mth 
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Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating ratings. 

Note 2: To avoid possible destructive latchup, currents greater than 100 /xA should not be forced into the input pins. 

Note 3: The maximum allowable power dissipation must be derated at elevated temperatures and is dictated by Tjmax. ©ja> and ambient temperature, Ta- The 
maximum allowable power dissipation at any temperature is Pq = (Tjmax ~ Ta)/©ja or the number given in the Absolute Maximum Ratings, whichever is less. 
©ja is typically 120°C/W for the J package and 140°C/W for the N package. 

Note 4: Human body model, 100 pF discharged through a 1.5 kn resistor. 

Note 5: Specifications in the ‘Typical” column are at 25°C and represent the most likely parametric norm. 

Note 6: Tested and guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 7: Guaranteed and not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 8: See Output Clamp discussion in Application Hints. 

Typical Performance Characteristics 


Supply Current vs 
Supply Voltage 



4 6 8 10 12 14 16 


Supply Current vs Ambient 
Temperature 



-50 -25 0 25 50 75 100 125 


Max Output Current vs 
Supply Voltage 



4 6 8 10 12 14 16 


TOTAL SUPPLY VOLTAGE (V) 


TEMPERATURE (°C) 


TOTAL SUPPLY VOLTAGE (V) 


Input Offset Voltage Change vs 
Supply Voltage 



4 6 8 10 12 14 16 


Input Offset Voltage vs 
Chopping Frequency 



t; 

I 







TT 


T 









t a 

= 25 

| | 

. 

k 




| 




Vs 

= ±5 

V 




I 










I 










1 



|| 







1 



"it 







u 



"I 




- 



1 










li 



HI 


10 100 Ik 10k 


Max Output Swing vs 
Supply Voltage 



012345678 


TOTAL SUPPLY VOLTAGE (V) 


CHOPPING FREQUENCY "CLOCK OUT' (Hz) 


± EACH SUPPLY VOLTAGE (V) 


Common-Mode Input Voltage 
Range vs Supply Voltage 



012345678 


Clock Ripple Referred to the 




o 


10 Hz P-P Noise Voltage vs 
Chopping Frequency 



10 100 Jk 10k 


± EACH SUPPLY VOLTAGE (V) 


TEMPERATURE (°C) 


CHOPPING FREQUENCY AT CLOCK OUT (Hz) 

TL/H/9128-3 
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Typical Performance Characteristics (Continued) 


Open Loop Gain and Phase Shift 
vs Frequency 
(Autozeroing Main Amp.) 


Open Loop Gain and Phase Shift 
vs Frequency 
(Autozeroing Main Amp.) 


Open Loop Gain and Phase Shift 
vs Frequency 
(Autozeroing Null Amp.) 



1 10 100 Ik 10k 100k 1 MEG 10MEG 


10 100 Ik 10k 100k 1 MEG 10MEG 


10 100 Ik 10k 100k 1 MEG 10MEG 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


FREGUENCY (Hz) 


Open Loop Gain and Phase Shift 
vs Frequency 
(Autozeroing Null Amp.) 


N-Channel Clamp Current 
vs Output Voltage 



1 10 100 Ik 10k 100k 1 MEG 10MEG 

FREGUENCY (Hz) 



P-Channel Clamp Current 
vs Output Voltage 



OUTPUT VOLTAGE AV+(V) 


Voltage Follower Large 
Signal Pulse Response 



0.0 05 1.0 15 10 25 3.0 


Voltage Follower Large 
Signal Pulse Response 



0.0 05 1.0 15 10 25 3.0 


TIMERS) 


TIME (/iS) 


TL/H/9128-4 
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Application Hints 

THEORY OF OPERATION 

Figure 1 shows a simplified block diagram of the LMC668’s 
analog signal path. The circuit effectively consists of two 
amplifiers, some MOS switches, and a pair of external ca- 
pacitors. The “main amplifier” is a conventional MOS oper- 
ational amplifier and is connected to the external feedback 
components. This amplifier is always active. The “null am- 
plifier” has its inverting input connected to the main amplifi- 
er’s inverting input. The null amplifier’s non-inverting input is 
switched between the main amplifier’s two inputs. Each am- 
plifier also has an additional input pin that can be use to 
adjust Vqs- 

In operation, the null amplifier’s inputs are first shorted to- 
gether, and its output is connected to its Vos input. This 
creates a negative feedback loop that adjusts the input Vqs 


to zero. When switches A’ and B’ are opened, the correction 
voltage at the Vos input is stored by capacitor Ca, holding 
the null amplifier offset voltage at zero. Switch B is then 
closed, shorting the main amplifier’s non-inverting input to 
the null amplifier’s non-inverting input. Since the main ampli- 
fier is enclosed in the external feedback loop, its two inputs 
should ideally be at the same voltage. Any voltage differ- 
ence between the main amplifier’s inputs will be amplified 
by the nullling amplifier and applied to the main amp’s Vqs 
adjust pin. The closed loop system reaches equilibrium 
when the main amplifier’s input Vqs equals zero. The cor- 
rection voltage for the main amplifier is stored on Cb, and 
the entire process repeats at the chopping frequency 
(around 200 Hz). 



TL/H/9128-5 


(^) SWITCH CLOSED WHEN LOGIC IS HIGH 

*" | | | | | | | | |_ EXT. CLOCK IN 

| | | J"~ A (CLOCK OUT) 

1 I 1 I 


1 f 1 I Lb 

TL/H/9128-6 

FIGURE 1. Block Diagram of LMC668 Analog Signal Path 
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Application Hints (Continued) 

Figure 2 shows a simplified schematic of the block diagram 
in Figure 1. Note that transistor PI serves as the inverting 
input for both the main amplifier and the null amplifier. Note 
also that the “back gate” substrate connections on transis- 
tors N1 and N2 are the Vqs adjust inputs. Increasing the 
back gate voltage on these transistors increases the chan- 
nel conductivity, but to a lesser degree than would be 
caused by an equivalent voltage change at the “normal” 
gate. 

INTERMODULATION 

An ideal operational amplifier has infinite gain at all frequen- 
cies, so that when feedback is applied, the voltage differen- 
tial between the two inputs will be zero. A real amplifier has 
finite gain that decreases with increasing frequency, result- 
ing in a small voltage across the inputs that increases with 
signal frequency. In a typical chopper-stabilized amplifier, 
the ac voltage is modulated by the chopping frequency, cre- 
ating spurious output signals at sum and difference frequen- 
cies of the input frequency, the chopping frequency, and 
their harmonics. The LMC668 combats this problem by in- 
jecting a compensation signal into the nulling amplifier. This 
compensation substantially reduces the levels of intermodu- 
lation components at the amplifier output. 

OUTPUT CLAMP 

When an operational amplifier is overdriven and clips, the 
feedback loop opens, and the input differential voltage can 


become quite large. This voltage is equivalent to a large 
input offset voltage, so the LMC668’s offset correction cir- 
cuitry attempts to compensate for it, and the external capac- 
itors are eventually charged to rather high voltages before 
the correction circuit saturates. When the overdrive is re- 
moved the capacitors can’t be immediately discharged so 
the circuit takes a long time to recover from the saturated 
condition. 

The 14-pin version of the LMC668 includes a circuit whose 
purpose is to prevent excessive overdrive recovery time by 
introducing a current path from the amplifier output to the 
inverting input. This current path is inactive until the output 
voltage approaches the supply voltage. Just before the on- 
set of clipping, the current path becomes active and clamps 
the output voltage before it saturates. Since the clamping 
action occurs within the feedback loop, the input differential 
voltage will remain near zero volts and long recovery times 
are eliminated. The clamp circuit is brought into operation 
by connecting the clamp pin (9) to the inverting input (pin 4). 
For best performance, the parallel combination of the feed- 
back resistors should be 100 kfi or higher. A small feed- 
back capacitor ( ~ 1 0 pF) may be needed to reduce clamp 
oscillations. 

The only disadvantage to the use of the clamp is a slight 
reduction in output voltage swing (see Typical Performance 
curves). 
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EXTERNAL CLOCK IN 



TL/H/9128-8 

FIGURE 3. Using External Clock (14-pin 
LMC668 only). For operation with internal 
clock, leave pins 13 and 14 open. 

THERMOELECTRIC EFFECTS 

When dissimilar metals come into contact with one another, 
thermocouples are created that generate dc error voltages. 
To reduce the effects of thermocouples, temperatures 
throughout the sensitive parts of the system should be as 
similar as possible. Circuitry should be enclosed to limit air 
movement, junctions with high thermoelectric coefficients 
should be avoided, and power dissipation should be mini- 
mized as much as possible to avoid thermal gradients. 

CLOCK CONSIDERATIONS 

The internal clock in the LMC668 is set to oscillate around 
400 Hz. This signal is available at pin 12 of the 14-pin 
LMC668. The actual chopping rate is half of the clock fre- 
quency. The 14-pin version of the device provides the op- 
tion of using a different clock frequency from an external 
source. To do this the INT/EXT pin must be tied to V - to 
disable the internal clock (Figure 3). This pin has an internal 
pull-up, so it may be left open when the internal clock is 
used. At frequencies below 500 Hz, the external clock’s 
duty cycle is not critical, but above this frequency, a 60% to 
80% positive duty cycle will give better results since the null 
storage capacitors (Ca and Cb) are charged only on the 
positive half of the clock waveform. A positive duty cycle 
ensures that the capacitors will be fully charged and any 
transients will have settled before they are disconnected 
from the charging circuitry. The maximum recommended 
clock frequency is approximately 1 kHz. Higher frequencies 
should be avoided because the offset voltage is degraded 
at fast chopping rates. The external clock signal should 
swing between ground and V+ for supply voltages up to 
+ 6V, and between V+ and V+ — 6V for higher supplies. 
Voltages outside of this range may cause damage to the 1C. 


EXTERNAL CAPACITORS 

Ca and Cb should be connected from the Ca and Cb pins to 
the Cr pin. Where possible, the outside foil leads should be 
connected to Cr. If the internal 200 Hz clock is used, the 
capacitors should be 0.1 juF. The optimum capacitance var- 
ies inversely with chopping frequency. Good quality film ca- 
pacitors (mylar, polypropylene, polystyrene, polycarbonate, 
etc.) will give best results. Capacitors with low dielectric ab- 
sorption (polypropylene and polystyrene) yield the fastest 
initial settling and turn-on performance. Ceramic capacitors 
may be adequate in some applications, but these may re- 
quire several seconds to settle to very low offset values. 

LOAD IMPEDANCE 

The LMC668 output stage has a relatively high (18 ka) out- 
put impedance, so the load impedance will have a strong 
influence on amplifier performance. This is illustrated in the 
Typical Performance Curves showing open-loop gain for 
two different load resistors. It is recommended that the load 
impedance be kept above 10 ka to avoid drastic loss of 
gain, especially at high frequencies. This load resistance will 
result in a smooth first-order rolloff in the open-loop gain 
from 0.1 Hz to 2 MHz, with phase errors under 10° in the 
transition region where the main amplifier takes over from 
the null amplifier. 

LEAKAGE CURRENTS AND INPUT GUARDING 

When the low input bias currents of the LMC668 are essen- 
tial to an application, it is important to take special steps to 
reduce external sources of leakage currents. Circuit boards 
must be thoroughly cleaned with appropriate solvents and 
blown dry with compressed air, and the cleaned traces 
should be coated with epoxy or silicone rubber to prevent 
contamination. 

Leakage currents due to circuit board traces at supply po- 
tentials near the input pins can be excessive for some appli- 
cations, and these can be minimized by using a guard ring 
around the input pins. This ring should be tied to a voltage 
that is near the voltage on the input pins. It will absorb most 
of the leakage currents from high potential pins and traces. 

OUTPUT GLITCHES 

The CMOS switches in the LMC668, like all analog 
switches, produce transients when they are turned on or off. 
These transients are minimized by careful balancing of the 
internal switches, but they will still couple to the amplifier 
output. The transients can be minimized by keeping source 
impedances low. Input referred glitches on the order of 
100 jliV are typical with a source impedance of 10 kfl and 
Av = 1000. Glitch amplitude increases with higher source 
resistance and decreases when the clamp circuit is used. At 
low gains (Av < 10), output glitch amplitude is not as 
strongly dependent on gain. Typical output glitch amplitudes 
for R-| = R 2 = 100 kTt (Figure 3), are 100 mV to 
150 mVp-p. 
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WZ WJk National 
/j£/m Semiconductor 
MaM Corporation 


PRELIMINARY 


LMC669 Auto-Zero 


General Description 

The LMC669 uses sampled-data techniques to reduce the 
input offset voltage (Vos) of an amplifier or system to ap- 
proximately 5 juV. A four-stage comparator samples the 
summing node of an inverting-amplifier and generates a cor- 
rection voltage that is applied to the amplifier’s non-invert- 
ing input. The offset correction is independent of time, tem- 
perature, and supply voltage, and requires no initial or peri- 
odic user offset adjustments. 

The user may also adjust clock frequency, sample rate, and 
the correction voltage’s step size and magnitude. 

The Auto-Zero operates on supply voltages of ±8V to 
± 20V with a quiescent current of 3 mA. 


The use of the LMC669 does not limit the performance of 
the amplifier it is used with. Full use of the gain-bandwidth 
product, slew rate, and DC gain is retained. 

The LMC669 can be used as a precision comparator with a 
latched, open drain output, or as a low-offset inverting oper- 
ational amplifier for low-speed applications. 

Features 

■ 5 microvolts typical offset voltage 

■ Temperature independent offset correction 

■ Internal or external clocking 

■ Automatic and continuous offset voltage correction 

■ High voltage CMOS— up to +20V supplies 








Absolute Maximum Ratings (Notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Positive Supply Voltage (V + ) + 22V 

Negative Supply Voltage (V~) -22V 


Voltage of Logic Pins 
T1,T2, RESET, CLK 


Voltage at Inputs 
Input Current (Note 3) 
INREF, INI and IN2 


-0.2V to (V+ + 0.2V) 
— 0.2V to (V + + 0.2V) 

20 mA 


Power Dissipation (Note 4) 500 mW 

Storage T emperature - 65°C to + 1 50°C 

Lead Temp, (soldering, 10 seconds) 300°C 

Operating Ranges (Notes 1 & 2) 

Temperature Range Tmin^ t a ^ Tmax 

LMC669D — 40°C <; T A ^ + 85°C 

Positive Supply Voltage + 8V to + 20V 

Negative Supply Voltage - 8V to - 20V 

INREF, INI and I N2 Voltage (Note 5) -200 mV to + 2V 

ESD rating to be determined. 


Electrical Characteristics The following specifications apply for V+ = +15V, and V“ = — 15V unless 
otherwise specified. Boldface limits apply for T Mm to T MA x; all other limits T A = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

v os 

Maximum Input 
Offset Voltage 
(Note 9) 

LMC669BIN, BIM 
LMC669BCN, BCM 

Signal applied to both 

INI & IN2, T C lk = 

50 /AS, V| NR ef = 

0V, 0.5V 

±5 

±25 

±25 


/aV 

LMC669CIN, CIM 
LMC669CCN, CCM 

±10 

±50 

±50 


LMC669CD 

±5 

±25 


Vos 

Maximum Input 
Offset Voltage 
(Note 9) 

LMC669BIN, BIM 
LMC669BCN, BCM 

Signal applied only to 

INI or IN2, T C lk = 

50 /as, Vinref = 0V 

±10 

±50 

±50 


/aV 

LMC669CIN, CIM 
LMC669CCN, CCM 

±20 

±100 

±100 


LMC669CD 

±10 

±50 


>b 

Maximum Input 

Bias Current 

IN2 

Clock Off 

1 

100 


pA 

400 



pA 

INI or INI & IN2 

5 

100 


pA 

40 


75 

nA 

A V 0S 

AT 

Average Input Offset Drift 


0.1 



jlaV/°C 

V IN1. V IN2 

INI &IN2 Input Voltage 

Range (Note 5) 

min 


-200 

0 


mV 

max 

+ 2.0 

+ 0.5 


V 

V|N REF 

IN REF Input Voltage 

Range (Note 5) 

min 


-200 

0 



max 


+ 2.0 

+ 0.5 


V 

VOUT REF 

OUT REF Input Voltage 

Range 

min 


-100 




max 

+ 100 




PSRR 

Power Supply Rejection Ratio 


120 



dB 

VoUT 

Integrator Output Voltage Range 


±14 

±12 

±11 

V 

Vco 

Comparator Open-Drain 

Output Voltage Range 

Low (max) 

Sink Current = 1.0 mA 

0.25 

0.4 


V 

High (min) 


25 

20 

19 

ls + 

Maximum Positive Supply Current 

RESET Low, 

TCLK = 50 /as 

3.2 

6.0 


mA 


10.0 



2 


2-567 


LMC669 












LMC669 


Electrical Characteristics The following specifications apply for V+ = + 15V, and V~ = — 15V unless 
otherwise specified. Boldface limits apply for Tmin to T MAX ; all other limits T A = Tj = 25°C. (Continued) 



Parameter 

Conditions 


Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 


•s~ 

Maximum Negative 

Supply Current 

RESET Low, 

TCLK = 50 jas 

2.0 

5.0 


mA 


7.0 


fs 

Maximum Sample Rate 

RESET Low, Internal Clock 

100 

66.6 

56 


fCLK 


min 


100 


ioo 

Hz 

max 

100 


ioo 

kHz 

Tr 

Minimum RESET Pulse Width 


80 

150 

175 

ns 

V TH 

Digital Input 

Threshold 

Voltage 




2.9 

3.5 







1.5 


KM 


High (min) 


3.5 

4.0 



Low (max) 


1.5 

1.0 



•din 

T1.T2, RESET, &CLK 

Maximum Digital 

Input Current 

High 


1.0 



pA 


1.0 


fxA 

Low 


1.0 



pA 


1.0 


jutA 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are with respect to AGND. 

Note 3: This input current will exist only when an input is driven to a voltage greater than (V+ + 0.2V) or less than -0.2V. It is due to internal diode clamps at the 
inputs turning on. If the current is limited to 20 mA, the overdrive will not be harmful to the LMC669. 

Note 4: The typical junction-to-ambient thermal resistance (0ja) of the 16 pin J package is 80°C/W. 

Note 5: If input currents are limited, input voltages may be driven beyond these limits and the device will still be functional. The comparator output will be correct as 
long as the voltage on either the INREF pin or the two input INI & IN2 pins is between -200 mV and +2V. 

Note 6: Typicals are at 25 6 C and represent most likely parametric norm. 

Note 7: Guaranteed and 100% tested. 

Note 8: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 9: The LMC669CD exhibits a warm-up drift of approximately 3 (xV to 5 /xV in the negative direction. There are two factors that work together to cause this. 
Firstly, as the die becomes warm, a temperature gradient forms between pin 2 and pins 1 and 1 6. Secondly, a thermocouple is created between the metal of the 
leadframe and the metal of the wire (usually copper) used to connect the 1C to a circuit. It takes about 6 minutes for the drift to stabilize. The N and M packages do 
not exhibit this drift because their leadframes are 90% copper. 
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Typical Performance Characteristics 
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Connection Diagram 

16-Pin Dual-ln-Line Package 


INI C 

1 

— 

16 

INREF C 

2 

15 

AGND Cl 

3 

14 

C0MP0UTC 

4 

13 

OUTREFC 

5 

12 

CAPE 

6 

11 

OUTPUT C 

7 

10 

V“C 

8 

9 


20-Pin Duai-ln-Line (N) Package 
20-Pin Small-Outline (M) Package 


□ IN2 

□ AGND 


□ RESET 

□ CLK 


Top View 

Order Number LMC669D 
See NS Package Number D16C 


TIE TOGETHER* 




1 

20 

□ IN2 

2 

19 

□ AGND 

3 

18 

□ DGND 

4 

17 

□v+ 

5 

16 

□ T1 

6 

15 

□ T2 

7 

14 

□ AGND* 

8 

13 

□ RESET 

9 

12 

□ CLK 

10 

11 

□ V- 



TL/H/8561-17 


Top View 

•These pins must be connected as shown to 
ensure compatibility with future parts. 


Pin Description LMC669 Numbers in ( ) are for 1 6-pin package 


Pin Description 

I N 1 , 1 N2 These are the inputs to the Auto Zero’s 

1 , 20 comparator. They should be tied together 

(1,16) and connected to the summing node of the 

host operational amplifier (op amp). One set 
of inputs, either INI and IN2 or INREF, must 
be between +2 volts and ground while the 
other can go to V + (also refer to notes 3 
and 5). 


Pin 

INREF 

2 

(2) 


Description 

This is the input for the comparator’s 
reference voltage. Correction of V os is 
accomplished by connecting this pin to a 
good clean system ground of its own. One 
set of inputs, either INI and IN2 or INREF, 
must be between + 2 volts and ground while 
the other can go to V+ (also refer to notes 3 
and 5). 
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Pin Description 16-pin LMC669 (Continued) 


AGND 

3,19 

(3,15) 


DGND 

18 

(14) 


COMPOUT 

5 

(4) 


OUTREF 

6 

(5) 


OUTPUT 

8 

(7) 

CAP 

7 

(6) 

CLK 

12 

(9) 


RESET 

13 

(10) 


4 

9, 10 
14 


Description 

These act to shield the INI , IN2, and 
INREF connections from stray 
capacitance and leakage which could 
degrade the part’s performance. They 
should be connected to a high quality 
ground. 

Provides a separate ground for the 
internal digital circuitry to prevent noise 
from corrupting the comparator inputs. 

It should have its own ground 
connection. 

This is the latched output from the 
internal comparator. It is an open drain 
which can be left unconnected if not 
needed. Its response time is equal to 
the sample rate’s period. The rise time, 
from 10% to 90%, is nominally 500 ns 
with a 10 kH pull-up resistor. The output 
is typically capable of swinging from 
+ 0.25 (at 1 mA) to +25 volts. 

Output reference; for proper integrator 
operation this input should be 
connected to a good system ground, 
such as the ground to which INREF is 
connected. 

This is the LMC669’s integrator output. 

It can swing from - 1 2 to + 1 2 volts in 
0.2 volt steps with a ^ 1 0 Kfl load and 
no external integrating capacitor. 

When a capacitor is used to decrease 
the correction voltage’s step size, it is 
connected between CAP and OUTPUT. 
It parallels an internal 10 pF capacitor. 
External clock input/internal adjust. 

The frequency of the internal clock 
(nominally 100 kHz) may be reduced 
with an external capacitor or an 
external clock connected to the CLK 
input. The logic thresholds for this input 
are 4 volts for a logic high and 1 volt for 
logic low. The internal clock can be 
stopped by applying a logic high, 
through a diode, to the CLK input. 

When a logic low is applied to the 
diode, the internal clock runs freely. 
(See Figure 3) 

Comparator reset. At power-up, or 
when RESET is pulled low during 
normal operation, the Auto Zero will run 
at its fastest sample rate. This allows 
for the quickest V os nulling. 

Leave this pin unconnected. 

Connect these pins together. 

Connect to analog ground. 


Pin 

T1,T2 
16, 15 
(12,11) 


V+, v- 
17,11 
(13, 8) 


Description 

These pins select one of five clock 
divider ratios. The ratio, hence the 
sample rate can be changed by 
applying V + or ground to T1 and T2. 
The ratio chosen by these inputs is 
valid after the comparator’s output 
changes state; i.e., a zero-crossing 
between the offset and correction 
voltage has taken place. These inputs 
can also be changed at any time to 
modify the LMC669’s sample rate. Use 
the table below to determine the 
reduction in the clock’s frequency for 
each combination of T1 and T2. 


T1 

T2 

RESET 

+ 

X 

X 

0 

1 

1 

1 

1 

4 

1 

0 

1 

16 

0 

1 

1 

128 

0 

0 

1 

1024 


Positive and negative power supply 
inputs. Typical supply voltages are ±15 
volts, but operation will take place from 
± 8 to ±20 volts. Power supply current 
is typically 3 mA. Bypass capacitors 
(0.01 ~ 0.1 juF) should be connected 
to the power supply pins. 


Application Hints 

1.0 INTRODUCTION 

In its standard application shown in Figure 1, the LMC669 
continuously samples the summing node of an inverting am- 
plifier and generates a correction voltage for the amplifier’s 
non-inverting input, nulling the amplifier’s input offset volt- 
age (V 0 s) t0 5 ju-V. The offset correction is independent of 
time, temperature, and supply voltage. The LMC669 elimi- 
nates the need for initial or periodic offset adjustments, 
compensates for V os drift due to temperature changes, al- 
lows the use of greater DC gain, and increases immunity to 
changes in power supply voltages. 

At the input of the LMC669 is a sampled-data differential 
comparator with very low offset voltage. When the compar- 
ator samples the summing node voltage and determines 
that it is not at ground, the LMC669’s output generates a 
small voltage step in the opposite direction of the error. The 
size of the step and the sample rate are user-selectable. 
The correction voltage continues to step up or down until 
the summing node is within the Vqs of the LMC669 — typi- 
cally 5 jttV. At this point the Auto Zero continues to monitor 
the summing node and perform any needed corrections. An 
internal divider generates five different sampling rates for 
any given clock frequency. 

The only external parts needed for V os correction of most 
amplifiers are two resistors and one capacitor. Since the 
capacitor is in the feedback loop of an integrator, it should 
be a low leakage type (polycarbonate, polypropylene, poly- 
styrene, mylar, etc.). The tolerance of the resistors and ca- 
pacitor is not critical (10% components are satisfactory). 
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Application Hints (Continued) 

-15VDC 


+15VDC 


KDl 


1 20(16)| 


2(2) 


, 3(3) 


19(15) 


o o 

n -c ri 

[4 11 (8) 1 13(10) 1 17(13) 1 14^ 

1 v” ^ v + compoutU^Vc. 


IN 1 
IN 2 
INREF 
AGND 
AGND 


LMC669 


CLOCK T2 


V’ COMPOUT 
CAP 
OUTPUT 
OUTREF 
DGND 


R ln 

O-AAAr 


r 

10 

16(12) | 12(9) 




N.C. 


8(7) 1 

n 

1 6(5) | 

I 18(14) 

4 


15(11) 

+15VDC 


V 


-JWV 1 



FIGURE 1. Typical Application 
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1.1 CIRCUIT OPERATION 

At the heart of the LMC669 is a four-stage precision sam- 
pled-data comparator, shown in Figure 2. The circuit oper- 
ates by successively zeroing the offset of each stage, re- 
sulting in a very high gain amplifier with extremely low input 
offset voltage. 

After a comparator decision is made, the latch is enabled 
and holds the comparator’s output state. At the same time 
this state appears at COMPOUT. The latch also generates a 
± 1 V signal that charges capacitor Ci to + 1 V. Ci’s charge 
is then transferred to the integrator’s feedback capacitor C 2 . 
Since C 2 is five times larger than C-|, a 200 mV step will 
appear at the integrator’s output. Further reduction of the 
step size is possible with an external capacitor connected in 
parallel with C 2 (between OUTPUT and CAP). The integra- 
tor output is then attenuated by a resistive divider network 
before being applied to the external op amp’s non-inverting 
input, completing the offset correction loop. 

1.2 CLOCKS 

In order to control the events that take place in the LMC669, 
an internal Schmitt trigger oscillator generates a 100 kHz 
clock. This oscillator’s frequency can be lowered by con- 
necting a capacitor between the CLK input and ground as in 
Figure 3c. It can also be overridden by applying an external 
clock source {<. 100 kHz) to the CLK input {Figure 3a). Fur- 
ther, the clock can be halted with a diode connected as 
shown in Figure 3(b). 


The clock signal drives the input of the divider (See Figure 
2). Dep ending on the logic levels at inputs T1, T2, and 
RESET, the clock can be divided by five different ratios (1, 
4, 16, 128, and 1024). The output of the divider triggers the 
sequencer which controls the auto-zero function. 

When the LMC669 is powered-up or reset the internal divid- 
er automatically divides by one. This allows the Auto-Zero to 
operate at maximum sampling rate so that large initial off- 
sets can be rapidly corrected. When the comparator toggles 
for the first time, this indicates that input null has been 
achieved and that maximum sample rate is no longer re- 
quired. The latch then switches the divider from 4 - 1 to the 
ratio programmed via T1 and T2. By employing this “two 
speed’’ approach the device can move quickly to handle 
turn-on transients and then shift to the optimum “gear” for 
long term offset correction. It is also pos sible to return to the 
maximum sample rate via the RESET input so that non- 
power-up transients can be dealt with as well. 

1.3 INPUT RANGE 

The INI, IN2, and INREF inputs can accept signal levels 
between 0 and +2 V. However, as long as both INI and 
IN2, or INREF, is kept between 0 and 2V the other input (or 
inputs) can be taken to V+ and, if input current limiting 
(^20 mA) is provided, to V~. In most auto-zero applications 
INI and IN2 will be able to go to these extended limits since 
INREF will normally be grounded. 
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FIGURE 2. Block Diagram 


CLOCK CLOCK CLOCK 



J“LTLT ON -T 0FF (pF)=CL0CK PERIOD (/xS) 

1 00 Hz TO 1 00 KHz i.e., 1 00 pF — 1 00/iS 

(a) (b) (c) 

TL/H/8561 -8 

FIGURE 3. Clock Input. External clock (a), controlling internal clock (b), reducing internal clock frequency (c). 
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Application Hints (Continued) 


2.0 APPLICATION CIRCUITS 

The most general application of the Auto-Zero is offset cor- 
rection of an inverting op amp as shown in Figure 1. The 
example below shows how the integration capacitor and the 
resistor divider are chosen. 

Determine the maximum expected offset voltage from the 
op amp characteristics and the requirements of the overall 
system. The correction voltage swing capability should be 
greater than or equal to this value. Also select the minimum 
system resolution and the time that can be allowed to null 
the initial offset. These will determine the correction voltage 
step size. The magnitude of the correction voltage (V corr ) 
and the step size (dv) are defined according to equations 1 
and 2: 


Correction voltage = V corr = V out 


R 2 


Ri + R 2 


V 0 is typically ±12V for ±15V supplies. 
jjl Vcorr 


R 2 = 


(V 0 - V C orr) 
1 0K Vcorr 


(D 


da) 


(12 V corr ) 

forRi = 10 kH (For proper operation R-| + R 2 should 
be greater than 1 0 kft.) 


step size = dv = 1 .0V 
CiR 2 


\C 2 + C / \Ri + R 2 / 


c = • 


-c 2 


( 2 ) 


(2a) 


dv (R-j + R 2 ) 

with Ci = 2 pF, C 2 = 10 pF, Ri and R 2 from Eq. la. 
C-j and C 2 are internal. 


A further consideration regarding the selection of step size 
is resolution: the magnitude of the smallest significant sig- 
nal. In the case of nulling the V os of an op amp used with a 
digital-to-analog converter (DAC) the smallest signal is the 
voltage produced by the least-significant bit (LSB). There- 
fore, the correction voltage’s step size would need to be 
much smaller than the magnitude of the DAC’s LSB in order 
to retain the DAC’s desired resolution. 


Finally, for proper operation, the sampling period should be 
longer than the amplifier’s settling time. 10 jus or more 
should be adequate for most contemporary amplifiers. 


DESIGN EXAMPLE 

As an example, assume that the offset of the op amp in 
Figure 1 is expected to be no more than 15 mV and the 
system can tolerate a 1 juV square wave at a rate equal to 
the internal clock. Begin by using Ri and R 2 to set the maxi- 
mum correction voltage to 15 mV. The LMC669’s output 
can swing to ±12 volts with a 10 KH load and a ±15 volt 
power supply. Ri and R 2 should be chosen to reduce this to 
15 mV: 

r = Ri Vcorr 
2 V 0 - V corr 
= POK) (0-015) 

(12 - 0.015) 

= 12.5ft ~ 13H 

for ±15V supplies and Ri = 10K. 


Now choose C, the integrator’s external feedback capacitor, 
to set the final step size to 1 jmV. Using equation (2a): 

C c 2 

dv(Ri + R 2 ) 2 

with Ri = 10 ka, R 2 = 13a, Ci = 2 pF, 
and C 2 = 1 0 pF, yields 

C = 2500 pF 

The null time for this example, with an amplifier offset of 1 5 
mV, step size of 1 jaV, and initial sample rate of 1 00 kHz, is 


Null time = ■ 


(dv)(sample rate) 

= 1 50 msec 

If this is too slow, the step size can be increased. 


(3) 


OP AMP INPUT BIAS CURRENT 

Input bias current should be considered when selecting an 
op amp that is nulled by the LMC669. If this current is too 
high, the result is a significant voltage drop across the feed- 
back components and consequent output offset. The Auto 
Zero will not correct this error since it does not appear as a 
voltage at the summing node. Therefore, use low resistance 
feedback networks, or op amps with low input bias current 
such as the LF156, LF400, and LF411. 


NOISE 

Through careful selection of the sample rate and step size a 
compromise can be made between noise and null time. Low 
sample rates achieve low noise but take a long time to null 
an offset or correct it when a sudden change occurs. High 
sample rates can quickly null or correct changes in V os but 
do so with an increase in noise. Step size directly affects the 
null time and the amount of noise introduced: small step 
sizes (<100 nV) contribute almost no noise, but result in 
long null times. 

Low noise LMC669 applications are beneficial to instrumen- 
tation and audio electronics. An LM833 low noise operation- 
al amplifier (4.5 nV /i/Hz) with the LMC669 is shown in 
Figure 4. In this circuit the Auto Zero adds only 1 nV / *\/Hz 
referred to the amplifier’s input. To achieve this the step 
size is set to 100 nV. The sample rate, with the internal 
clock free-running, is set to 98 Hz (clock frequency -s- 
1024), and input and output filters are added to the 
LMC669. The input filter prevents switching transients from 
reaching the amplifier input and the output filter attenuates 
AC components of the steps at the Auto Zero’s output. The 
filter at the op amp’s input also introduces a pole at 

Fp = 2ir(R in + Rf) C, 

and a zero at 

Fz = 2irRfCf 

The maximum V os that can be corrected by the circuit in 
Figure 4 is 1 2 mV. More offset correction can be obtained 
while retaining good noise performance by increasing the 
size of R 2 and C the same percentage. Increasing C com- 
pensates for the reduced attenuation caused by increasing 
R 2 . This allows the step size to remain the same but in- 
creases the amount of correction voltage applied to the op 
amp. 
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Application Hints (Continued) 

POWER AMPLIFIERS 

For applications such as motor control, automated servo 
systems, and power amplification the LMC669 can also be 
used with amplifiers other than standard small signal op 
amps. Figure 5 shows how the Auto Zero can allow an 
LM1875 audio power amplifier to operate with very low off- 
set. While the sample rate for this configuration is not crit- 
ical, the LMC669’s output step size should be set for less 
than 1 ju,V to ensure low system noise. 

NON-INVERTING AMPLIFIERS AND SYSTEMS 

A variation of the above circuit appears in Figure 6 with the 
LMC669 operating as a DC-servo integrating feedback loop. 
This configuration is applicable when the Auto Zero is used 
with non-inverting op amps amplifying AC-only signals. The 
output error of the amplifier is reduced to the Vos of the Auto 
Zero, typically 5 /xV. A filter at the input of the LMC669 limits 
current and ensures that only DC and very low frequencies 


(< 0.6 Hz) are sampled. In this application the output of the 
op amp is sampled and compared with a reference ground. 
The correction output from the Auto Zero now replaces the 
ground reference for the feedback resistor connected to the 
inverting input. 

Systems can also benefit from the Auto Zero. Figure 7 
shows how the V os of an MF6 Butterworth low-pass 
switched capacitor filter is nulled by the LMC669. The Auto 
Zero’s INI and IN2 inputs are connected to the MF6’s out- 
put while INREF is connected to its input. The correction 
signal is applied to the MF6’s V os ADJ input. RC low-pass 
filters (Rfi, Cf-j and Rf 2 , Cf 2 ) are used to reduce AC signals 
at the LMC669’s inputs and provide current limiting. It is 
important to set each passive RC filter’s cutoff as low as 
possible, at most 0.1 of the MF6’s f 0 . 

This correction makes the MF6 useful in applications calling 
for good DC accuracy. The MF6’s typical 250 mV offset is 
decreased to 5 jxV with a step size of 1 /xV. 


-15VDC 

9 


+ 15VDC 


N.C. 


KDl 


l 20(16)1 


2(2) 


3(3) 


19(15) 


1 n F 


11(8) | 15(10) 
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FIGURE 6. DC Servo Loop 
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FIGURE 7. Auto zeroing a system. In this case the 250 mV offset 
of a switched-capacitor low-pass filter is corrected by the LMC669. 
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MAINTAINING DAC LINEARITY 

The LMC669 is particularly useful for zeroing the offset of 
an op amp used with a CMOS digital-to-analog converter 
(DAC). For good linearity the DAC’s two outputs (l ou t and 
l ou t) must be connected to identical ground potentials. The 
presence of op amp V os (and its drift due to temperature) 
will degrade the DAC’s linearity. Even though the effects of 
Vos can be corrected by trimming, a static trim will not be 
very helpful if the V os changes with respect to temperature. 
Figure 8 shows the DAC1208 with a 10V reference driving 
an LF357. The linearity of this DAC will degrade by 0.01% 
for each millivolt of op amp V os . Therefore, the LF357’s 
typical offset of 5 mV will turn the 12-bit DAC1208's 0.012% 
linearity error into 0.062%. What was a 12 bit linear device 
now has only 9 bits linearity. The original linearity specifica- 
tion can be retained by connecting an LMC669 to the inputs 
of the LF357, rendering the non-linearity due to V os and 
temperature drift negligible. The DAC is now able to operate 
at its published linearity specifications independent of V os 
and temperature. 

Figure 9 shows the schematic of a unipolar power DAC. 
One use of the power DAC is as a digitally controlled power 
supply having the ability to sink current, in the case of induc- 
tive loads, as well as source current. The linearity of the 
DAC is preserved by the nulling action of the LMC669 con- 
nected to the inputs of the LM1875 power amplifier. The 


amplifier can generate an output voltage from 0 to 25 volts 
and a maximum current of 3 amperes. The actual output is 
determined by 


V 0 ut = 


-Vref(D) 

4096 


(“D” is the value of the digital code, base 10). The magni- 
tude of each step is 


1 LSB = 


|Vrefl 

4096 


Stable operation of the LM1875 is ensured by the RC com- 
bination connected to the inverting input. 


LMC669 AS A COMPARATOR 

The LMC669’s operation as a comparator is shown in Fig- 
ure 10. Its input impedance is 5 kfl with 160 pF to ground. 
For proper operation as a comparator INI and IN2, or IN- 
REF, should be kept between 0 and 2 V while the other input 
(or inputs) can be taken to V+. If input current limiting 
(^20 mA) is provided, the inputs can also go to V - . (In 
addition, please refer to notes 3 and 5 under “Electrical 
Characteristics”.) 

The open collector output can be pulled-up to typically 25 
volts. When the sink current is 1 mA the output can pull- 
down to 0.25V. Outputs closer to ground are possible with a 
larger pullup resistor. 
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Application Hints (Continued) 


-15VDC +15VDC 



TL/H/8561-13 

FIGURE 8. Reducing V os -induced linearity errors in a 12-bit DAC by 0.01% /mV offset. 



TL/H/8561-14 

FIGURE 9. Power DAC with ± 20V p . p and 3A output capabilities. 
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Application Hints (Continued) 

LOW-FREQUENCY, HIGH-GAIN AMPLIFIER 

For applications that require precision high-gain DC and 
low-frequency performance, the LMC669 can be connected 
as an amplifier as shown in Figure 11. For a closed-loop 
gain of -1000 the useful frequency range is typically 

Fmax 20 m y ste p s j ze 



*R = 10K. For inputs greater than 2 volts. 

FIGURE 10. Low-Speed Precision Comparator 


Rf 



FIGURE 1 1. Low Offset, High Gain, 
Low Frequency Op Amp. 


TL/H/8561-15 


Bandwidth = 20 


Hz 

mV of step size’ 


sample rate = 100 kHz. 
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National 

Semiconductor 

Corporation 


PRELIMINARY 


LP124/LP2902/LP324 Micropower Quad 
Operational Amplifier 


General Description 

The LP124 series consists of four independent, high gain 
internally compensated micropower operational amplifiers. 
These amplifiers are specially suited for operation in battery 
systems while maintaining good input specifications, and 
extremely low supply current drain. In addition, the LP124 
has an input common mode range, and output source range 
which includes ground, making it ideal in single supply appli- 
cations. 

These amplifiers are ideal in applications which include por- 
table instrumentation, battery backup equipment, and other 
circuits which require good DC performance and low supply 
current. 


Features 

■ Low supply current 

■ Low offset voltage 

■ Low input bias current 

■ Input common mode to GND 

■ Interfaces to CMOS logic 

■ Wide supply range 

■ Small Outline Package available 

■ Pin-for-pin compatible with LM124 


1 25 jaA (max) 
2 mV (max) 
4 nA (max) 


3V < V+ < 32V 


Connection Diagram Simplified Schematic 



Order Number LP324M or LP2902M 
See NS Package Number M14A 


Order Number LP324N or LP2902N 
See NS Package Number N14A 


2-580 



Absolute Maximum Ratings Operating Conditions 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Power Dissipation 

J 

500 mW 

Package 

N 

500 mW 

M 

500 mW 

Supply Voltage 

LP2902 

32V or ± 16V 

26 V or + 13V 

(Note 3) 

Tj Max 

150°C 

150°C 

150°C 

Differential Input Voltage 

32V 

$ja 

90°C/W 

90°C/W 

140°C/W 

LP2902 

26 V 

Operating Temp. Range 

(Note 4) 

(Note 4) 

(Note 4) 

Input Voltage (Note 1) 

-0.3V to 32V 

Storage Temp. Range 

— 65 c 

O 

o 

m 

VI 

h- 

VI 

o 

LP2902 

Output Short-Circuit to GND 
(One Amplifier) (Note 2) 

V+ <; 15V and T a = 25°C 

ESD Susceptibility (Note 9) 

-0.3V to 26V 

Continuous 

± 500V 

Soldering 

Information (10 sec.) 
Vapor Phase (60 sec.) 
Infrared (15 sec.) 

300°C 

260°C 

215°C 

220°C 


Electrical Characteristics (Notes) 





LP124 

LP2902 (Note 8) 

LP324 


Symbol 

Parameter 

Conditions 

Typ 

Tested 

Limit 

Design 

Limit 

Typ 

Tested 

Limit 

Design 

Limit 

Typ 

Tested 

Limit 

Design 

Limit 

Units 

Limits 





(Note 6) 

(Note 7) 


(Note 6) 

(Note 7) 


(Note 6) 

(Note 7) 


Vos 

Input Offset 


1 

2 

7 

2 

4 

10 

2 

4 

9 

mV 


Voltage 



4 








(Max) 

lb 

Input Bias 


1 

4 

8 

2 

20 

40 

2 

10 

20 

nA 


Current 



8 








(Max) 

los 

Input Offset 


0.1 

1 

2 

0.5 

4 

8 

0.2 

2 

4 

nA 


Current 



2 








(Max) 

Avol 

Voltage 

a; 

o 

II 

_i 

tr 

100 

70 

60 

70 

40 

30 

100 

50 

40 

V/mV 


Gain 

to GND 

V+ = 30V 


60 








(Min) 

CMRR 

Common 

V+ = 30V 

100 

85 

75 

90 

80 

75 

90 

80 

75 

dB 


Mode Rej. 

0V ^ V cm 


80 








(Min) 


Ratio 

V C m<V+-1.5 











PSRR 

Power 

V+ = 5V to 30V 

100 

85 

75 

90 

80 

75 

90 

80 

75 

dB 


Supply Rej. 
Ratio 



80 








(Min) 

Is 

Supply 

r l = o° 

85 

125 

200 

85 

150 

250 

85 

150 

250 

juA 


Current 



150 








(Max) 

V 0 

Output 

Voltage 

Swing 

l L = 350 juA 
to GND. 

V C m = 0V 

3.6 

3.4 

3.1 

V+-1.9V 

3.6 

3.4 

V+-1.9V 

3.6 

3.4 

W+-1.9V 

V 

(Min) 



II = 350 juA 
to V+ 

V C m = 0V 

0.7 

0.8 

1.0 

1.0 

0.7 

0.8 

1.0 

0.7 

0.8 

1.0 

V 

(Max) 

lout 

Output 

> 

CO 

II 

o 

> 

11 

9 

4 

10 

7 

4 

10 

7 

4 

mA 

Source 

Source 

Current 

V in (diff) = IV 


4 








(Min) 

lout 

Output 

V 0 = 1.5V 

6 

5 

4 

5 

4 

3 

5 

4 

3 

mA 

Sink 

Sink 

Current 

V in (diff) = IV 


4 








(Min) 

lout 

Output 

V 0 = 1.5V 

5 

3 

1.5 

4 

2 

1 

4 

2 

1 

mA 

Sink 

Sink 

Current 

Vcm = 0V 


0.5 








(Min) 

1 source 

Output 

V in (diff) = IV 

20 

25 

35 

20 

25 

35 

20 

25 

35 

mA 


Short to GND 



35 



35 



35 


(Max) 


2-581 


LP 1 24/LP2902/LP324 




LP 1 24/LP2902/LP324 


Electrical Characteristics (Note 5) (continued) 


Symbol 

Parameter 

Conditions 

LP124 

LP2902 (Note 8) 

LP324 

Units 

Limits 

Typ 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Typ 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Typ 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Uink 






15 

20 

35 

15 

20 

35 

mA 

(Max) 

Vos 

Drift 



7 



10 



10 




los 

Drift 






10 



10 



pA/C° 

GBW 

Gain 

Bandwidth 

Product 


100 






100 



KHz 

S r 

Slew Rate 


50 



50 



50 



V/mS 


Note 1: The input voltage is not allowed to go more than -0.3V below V~ (GND) as this will turn on a parasitic transistor causing large currents to flow through the 
device. 

Note 2: Short circuits from the output to GND can cause excessive heating and eventual destruction. The maximum sourcing output current is approximately 30 mA 
independent of the magnitude of V+. At values of supply voltage in excess of 15 Vqc. continuous short-circuit to GND can exceed the power dissipation ratings 
(particularly at elevated temperatures) and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers. 

Note 3: For operation at elevated temperatures, these devices must be derated based on a thermal resistance of 0j a and Tj max. Tj = Ta + 0j a PD- 

Note 4: The LP124 may be operated from -55°C £ Ta ^ + 125°C. The LP2902 may be operated from -40°C <.Ta< +85°C, and the LP324 may be operated 

from 0°C <: T A £ +70°C. 

Note 5: Boldface numbers apply at temperature extremes. All other numbers apply only at Ta = Tj = 25°C, V+ = 5V, V cm = V/2, and Rl = 100k 
connected to GND unless otherwise specified. 

Note 6: Guaranteed and 100% production tested. 

Note 7: Guaranteed (but not 1 00% production tested) over the operating supply voltage range (3.0V to 32V for the LP1 24, LP324, and 3.0V to 26V for the LP2902), 
and the common mode range (0V to V+ -1.5V), unless otherwise specified. These limits are not used to calculate outgoing quality levels. 

Note 8: The LP2902 operating supply range is 3V to 26V, and is not tested above 26V. 

Note 9: The test circuit used consists of the human body model of 100 pF in series with 15000. 

Typical Performance Curves 


Input Voltage Range 



0 5 10 15 20 25 30 

V* POWER SUPPLY VOLTAGE (=+V DC ) 



0 10 20 30 40 

V* SUPPLY VOLTAGE (V DC ) 


Input Current 



-55 25 125 

T a TEMPERATURE (°C) 


Open Loop 
Frequency Response 



10 100 Ik 10k 100k 1M 

f FREQUENCY (Hz) 


Supply Current 



Power Supply 
Rejection Ratio 



10 100 Ik 10k 100k 

f FREQUENCY (Hz) 

TL/H/8562-18 
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Typical Performance Curves (Continued) 


Voltage Follower 



0 100 200 300 400 500 600 700 800 
t TIME UiS) 


Voltage Follower Pulse 



0 200 400 600 800 1000 

t TIME (/*S) 


Common Mode 
Rejection Ratio 



Large Signal 
Frequency Response 



100 Ik 10k 100k 


f FREQUENCY 


Output Characteristics 



oooi oQi ai i io ioo 

l 0 + OUTPUT SOURCE CURRENT (mA DC) 


Output Characteristics 



0001 001 01 1 10 
l 0 " OUTPUT SINK CURRENT (mA DC) 



-55-35 -15 5 25 45 65 85 105 125 
T a TEMPERATURE (°C) 


TL/H/8562-19 


Application Hints 

The LP124 series is a micro-power pin-for-pin equivalent to 
the LM124 op amps. Power supply current, input bias cur- 
rent, and input offset current have all been reduced by a 
factor of 10 over the LM124. Like its predecessor, the 
LP124 series op amps can operate on single supply, have 
true-differential inputs, and remain in the linear mode with 
an input common-mode voltage of 0 Vqc- 
The pinouts of the package have been designed to simplify 
PC board layouts. Inverting inputs are adjacent to outputs 
for all of the amplifiers and the outputs have also been 
placed at the corners of the package (pins 1, 7, 8, and 14). 
Precautions should be taken to insure that the power supply 
for the integrated circuit never becomes reversed in polarity 
or the unit is not inadvertently installed backwards in the 


test socket as an unlimited current surge through the result- 
ing forward diode within the 1C could destroy the unit. 

Large differential input voltages can be easily accommodat- 
ed and, as input differential voltage protection diodes are 
not needed, no large input currents result from large differ- 
ential input voltages. The differential input voltage may be 
larger than V+ without damaging the device. Protection 
should be provided to prevent the input voltages from going 
negative more than —0.3 Vqc (at 25°C). An input clamp 
diode with a resistor to the 1C input terminal can be used. 
The amplifiers have a class B output stage which allows the 
amplifiers to both source and sink output currents. In appli- 
cations where crossover distortion is undesirable, a resistor 
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Application Hints (Continued) 

should be used from the output of the amplifier to ground. 
The resistor biases the output into class A operation. 

The LP124 has improved stability margin for driving capaci- 
tive loads. No special precautions are needed to drive loads 
in the 50 pF to 1 000 pF range. It should be noted however 
that since the power supply current has been reduced by a 
factor of 10, so also has the slew rate and gain bandwidth 
product. This reduction can cause reduced performance in 
AC applications where the LM124 is being replaced by an 
LP124. Such situations usually occur when the LM124 has 
been operated near its power bandwidth. 

Output short circuits either to ground or to the positive pow- 
er supply should be of short time duration. Units can be 
destroyed, not as a result of the short circuit current causing 
metal fusing, but rather due to the large increase in 1C chip 
dissipation which will cause eventual failure due to exces- 
sive junction temperatures. For example: If all four amplifi- 
ers were simultaneously shorted to ground on a 10V supply 
the junction temperature would rise by 1 1 0°C. 

Exceeding the negative common-mode limit on either input 
will cause a reversal of phase to the output and force 


Driving CMOS 



TL/H/8562-3 


Non-Inverting Amplifier 



Unity Gain Buffer 



TL/H/8562-5 


the amplifier to the corresponding high or low state. Exceed- 
ing the negative common-mode limit on both inputs will 
force the amplifier output to a high state. Exceeding the 
positive common-mode limit on a single input will not 
change the phase of the output. However, if both inputs 
exceed the limit, the output of the amplifier will be forced to 
a low state. In neither case does a latch occur since return- 
ing the input within the common mode range puts the input 
stage and thus the amplifier in a normal operating mode. 
The circuits presented in the section on typical applications 
emphasize operation on only a single power supply voltage. 
If complementary power supplies are available, all of the 
standard op amp circuits can be used. In general, introduc- 
ing a pseudo-ground (a bias voltage reference to V+ 12 ) will 
allow operation above and below this value in single power 
supply systems. Many application circuits are shown which 
take advantage of the wide input common-mode voltage 
range which includes ground. In most cases, input biasing is 
not required and input voltages which range to ground can 
easily be accommodated. 


Comparator with Hysteresis 



10 kA 10 Mil 

TL/H/8562-6 


Adder/Subtractor 



TL/H/8562-7 


Positive integrator 

R R 
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Application Hints (Continued) 


Band-Reject Filter 

16kG 



TL/H/8562-15 


Pulse Generator 

*f 


30 kSL 1N914 



TL/H/8562-16 



1/3V S 2/3 V $ V s 
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National 

Semiconductor 

Corporation 


PRELIMINARY 


TL081CP Wide Bandwidth JFET 
Input Operational Amplifier 



General Description 

The TL081 is a low cost high speed JFET input operational 
amplifier with an internally trimmed input offset voltage 
(BI-FET I|tm technology). The device requires a low supply 
current and yet maintains a large gain bandwidth product 
and a fast slew rate. In addition, well matched high voltage 
JFET input devices provide very low input bias and offset 
currents. The TL081 is pin compatible with the standard 
LM741 and uses the same offset voltage adjustment circuit- 
ry. This feature allows designers to immediately upgrade the 
overall performance of existing LM741 designs. 

The TL081 may be used in applications such as high speed 
integrators, fast D/A converters, sample-and-hold circuits 
and many other circuits requiring low input offset voltage, 
low input bias current, high input impedance, high slew rate 
and wide bandwidth. The devices has low noise and offset 
voltage drift, but for applications where these requirements 


Typical Connection 

Rf 



TL/H/8358-1 

Connection Diagram 


are critical, the LF356 is recommended. If maximum supply 
current is important, however, the TL081C is the better 
choice. 


Features 


El Internally trimmed offset voltage 

15 mV 

m Low input bias current 

50 pA 

□ Low input noise voltage 

25 nV/VRz 

El Low input noise current 

0.01 pA/>/Hz 

□ Wide gain bandwidth 

4 MHz 

El High slew rate 

13 V//as 

Q Low supply current 

1.8 mA 

El High input impedance 

10l2n 

□ Low total harmonic distortion Ay = 10, 

<0.02% 

R l = 10k, V 0 = 20 Vp-p, 


BW = 20 Hz -20 kHz 


□ Low 1/f noise corner 

50 Hz 

□ Fast settling time to 0.01 % 

2 fis 


Simplified Schematic 



Dual-In-Line Package 



Order Number TL081CP 
See NS Package Number N08E 


TL/H/8358-4 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Input Voltage Range (Note 2) 

contact the National Semiconductor Sales Office/ Output Short Circuit Duration 

Distributors for availability and specifications. storage Temperature Range 

Supply Voltage ± 1 8V Lead j emp (Soldering, 1 0 seconds) 

Power Dissipation (Notes 1 and 6) 670 mW #. A 

Operating Temperature Range 0°C to + 70°C ESD rating t0 be determined. 

Tj(MAX) 1 1 5°C 

Differential Input Voltage ± 30V 


± 15V 

Continuous 

— 65°C to + 1 50°C 

260°C 

1 20°C/W 

DC Electrical Characteristics (Note 3) 









Symbol 

Parameter 

Conditions 

TL081C 

Units 

Min 

i 

Typ 

Max 

Vos 

Input Offset Voltage 

R S = 10ka,T A = 25°C 
Over Temperature 


5 

15 

20 

mV 

mV 

AVqs/AT 

Average TC of Input Offset 
Voltage 

R s = 10 kH 


10 


jj.V/°C 

los 

Input Offset Current 

Tj = 25°C, (Notes 3, 4) 

Tj ^ 70°C 


25 

100 

4 

pA 

nA 

>b 

Input Bias Current 

Tj = 25°C, (Notes 3, 4) 

Tj <1 70°C 


50 

200 

8 

pA 

nA 

Rin 

Input Resistance 

Tj = 25°C 


1012 


a 

AvOL 

Large Signal Voltage Gain 

V s = ± 1 5V, T a = 25°C 

V 0 = ±10V, R L = 2 ktt 
Over Temperature 

25 

15 

100 


V/mV 

V/mV 

Vo 

Output Voltage Swing 

V s - ±15V, R l = 10 ka 

±12 

±13.5 


V 

Vcm 

Input Common-Mode Voltage 
Range 

V s = +15V 

±11 



V 

V 

CMRR 

Common-Mode Rejection Ratio 

R s ^ 1 0 kH 

70 

100 


dB 

PSRR 

Supply Voltage Rejection Ratio 

(Note 5) 

70 

100 


dB 

Is 

Supply Current 



1.8 

2.8 

mA 

AC Electrical Characteristics (Note 3) 

Symbol 

Parameter 

Conditions 

TL081C 

Units 

Min 

Typ 

Max 

SR 

Slew Rate 

V s = ±15V,T A = 25°C 


13 


V/jU,S 

GBW 

Gain Bandwidth Product 

V s = ± 15V, T a = 25°C 


4 


MHz 

e n 

Equivalent Input Noise Voltage 

t a = 25°c, r s = 100a, 

f = 1000 Hz 


25 


nV/VHz 

•n 

Equivalent Input Noise Current 

Tj = 25°C, f = 1000 Hz 


0.01 


PA/a/Hz 

Note 1: For operating at elevated temperature, the device must be derated based on a thermal resistance of 120°C/W junction to ambient for N package. 

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: These specifications apply for Vs = ±15V and 0°C £Ta £ +70°C. Vqs. Ib and >os are measured at Vcm = °- 

Note 4: The input bias currents are junction leakage currents which approximately double for every 1 0°C increase in the junction temperature, Tj. Due to the limited 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient 
temperature as a result of internal power dissipation, Pq. Tj = Ta + 0 \a Pd where 0j A is the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 5: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice from 

V s = ±5Vto ±15V. 

Note 6: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate 
outside guaranteed limits. 
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Typical Performance Characteristics (Continued) 


Distortion vs Frequency 


Undistorted Output Voltage 
Swing 




Open Loop Frequency 
Response 


e n 


11 1M Ik 10k 100k 

FREQUENCY (Hz) 

10k 100k 1M 

FREQUENCY (Hz) 

1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 

Common-Mode Rejection 

Power Supply Rejection 

Equivalent Input Noise 




in 

hi 

hi 

in 

ill 


iiiiiiiiii 

iiiiiiiiii 

iiiiiiiinl 

iiiiiiiiii 

■■IIIHIIl] 
IIlHHIIll 


lllllllllllllll 

Hiiiiiiiiiiiil 


10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 

10 100 IK 10k 100k 1M 10M 

FREQUENCY (Hz) 

10 100 Ik 10k 

FREQUENCY (Hz) 

Open Loop Voltage Gain (V/V) 

Output Impedance 

Inverter Settling Time 



iMiiiiniriM 

mm vgm 

llllililBI 

inininl 
mmmm 

IIIIIIHV'III 

Mill 








Pulse Response 


Small Signal Inverting 



TIME (0.2 /is/DIV) 


Small Signal Non-Inverting 



TIME (0.2 /is/DIV) 


Large Signal Inverting 


TL/H/8358-7 


TL/H/8358-13 

Large Signal Non-Inverting 


TIME (2 /is/DIV) 


TIME (2 ms/OIV) 




TL/H/8358-14 


TL/H/8358-15 


Current Limit (Rl = 100ft) 



TIME (5 ms/DI V) 


Application Hints 

The TL081 is an op amp with an internally trimmed input 
offset voltage and JFET input devices (BI-FET II). These 
JFETs have large reverse breakdown voltages from gate to 
source and drain eliminating the need for clamps across the 
inputs. Therefore, large differential input voltages can easily 
be accommodated without a large increase in input current. 
The maximum differential input voltage is independent of 
the supply voltages. However, neither of the input voltages 
should be allowed to exceed the negative supply as this 


TL/H/8358-16 

will cause large currents to flow which can result in a de- 
stroyed unit. 

Exceeding the negative common-mode limit on either input 
will force the output to a high state, potentially causing a 
reversal of phase to the output. 

Exceeding the negative common-mode limit on both inputs 
will force the amplifier output to a high state. In neither case 
does a latch occur since raising the input back within the 
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Application Hints (Continued) 

common-mode range again puts the input stage and thus 
the amplifier in a normal operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifier will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

The TL081 is biased by a zener reference which allows nor- 
mal circuit operation on ±4V power supplies. Supply volt- 
ages less than these may result in lower gain bandwidth and 
slew rate. 

The TL081 will drive a 2 kfi load resistance to ±10V over 
the full temperature range of 0°C to +70°C. If the amplifier 
is forced to drive heavier load currents, however, an in- 
crease in input offset voltage may occur on the negative 
voltage swing and finally reach an active current limit on 
both positive and negative swings. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 
in a socket as an unlimited current surge through the 

Detailed Schematic 


resulting forward diode within the 1C could cause fusing of 
the internal conductors and result in a destroyed unit. 
Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 
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Typical Applications 

Supply Current Indicator/Limiter 



• Vqut switches high when RsIs > Vq 


HI-Zin Inverting Amplifier 


C2 



Parasitic input capacitance Cl (3 pF for TL081 plus any additional 
layout capacitance) interacts with feedback elements and creates un- 
desirable high frequency pole. To compensate, add C2 such that: 
R2C2 * R1C1. 


Ultra-Low (or High) Duty Cycle Pulse 
Generator 



4.8 - 2Vc 

• touTPUTHiGH « R1C £n 4 8 _ Vs 

2Vc - 7.8 

• touTPUTLOW ~ R2C £ n ■ _ 78 

where Vs = V+ + |V“| 

•low leakage capacitor 


Long Time Integrator 



TL/H/8358-12 


* Low leakage capacitor 

• 50k pot used for less sensitive Vqs adjust 
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TL082CP 


rJTl National 

Semiconductor 

Corporation 


PRELIMINARY 


TL082CP Wide Bandwidth Dual 
JFET Input Operational Amplifier 



General Description 

These devices are low cost, high speed, dual JFET input 
operational amplifiers with an internally trimmed input offset 
voltage (BI-FET IItm technology). They require low supply 
current yet maintain a large gain bandwidth product and fast 
slew rate. In addition, well matched high voltage JFET input 
devices provide very low input bias and offset currents. The 
TL082 is pin compatible with the standard LM1558 allowing 
designers to immediately upgrade the overall performance 
of existing LM1558 and most LM358 designs. 

These amplifiers may be used in applications such as high 
speed integrators, fast D/A converters, sample and hold 
circuits and many other circuits requiring low input offset 
voltage, low input bias current, high input impedance, high 
slew rate and wide bandwidth. The devices also exhibit low 
noise and offset voltage drift. 


Features 


Internally trimmed offset voltage 

15 mV 

Low input bias current 

50 pA 

Low input noise voltage 

16nV/\/Hz 

Low input noise current 

0.01 pA/l/Hz 

Wide gain bandwidth 

4 MHz 

High slew rate 

13 V/juls 

Low supply current 

3.6 mA 

High input impedance 

1012ft 

Low total harmonic distortion Ay = 10, 
R L = 10k, V 0 = 20 Vp - p, 

BW = 20 Hz -20 kHz 

<0.02% 

Low 1 /f noise corner 

50 Hz 

Fast settling time to 0.01 % 

2 fis 


Typical Connection 



Connection Diagram 

Dual-ln-Line Package (Top View) 



Simplified Schematic 


See NS Package Number N08E 



TL/H/8357-2 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage ± 1 8V 

Power Dissipation (Note 1) 

Operating Temperature Range 0°C to + 70°C 

T j(MAX) 1 50°C 

DC Electrical Characteristics (Note 4) 


Differential Input Voltage 
Input Voltage Range (Note 2) 

Output Short Circuit Duration 
Storage Temperature Range 
Lead Temp. (Soldering, 10 seconds) 
ESD rating to be determined. 


±30V 
± 15V 
Continuous 
— 65°C to + 1 50°C 
260°C 


Symbol 

Parameter 

Conditions 

TL082C 

Units 

Min 

Typ 

Max 

Vos 

Input Offset Voltage 

R s = 10 kn,T A = 25°C 


5 

15 

mV 



Over Temperature 



20 

mV 

AV 0S /AT 

Average TC of Input Offset 

R s = 10 kn 


10 


JLtV/°C 


Voltage 






los 

Input Offset Current 

Tj = 25°C, (Notes 4, 5) 


25 

200 

pA 



Tj <; 70°C 



4 

nA 

Ib 

Input Bias Current 

Tj = 25°C, (Notes 4, 5) 


50 

400 

pA 



Tj ^ 70°C 



8 

nA 

Rin 

Input Resistance 

Tj = 25°C 


1012 


ft 

Avol 

Large Signal Voltage Gain 

V s = ±15 V,T a = 25°C 

25 

100 


V/mV 



Vq = ±10V, R L = 2kft 







Over Temperature 

15 



V/mV 

Vo 

Output Voltage Swing 

V s = ±15V, R L = 10 k n 

±12 

±13.5 


V 

VcM 

Input Common-Mode Voltage 

V s = ± 15V 

±11 

+ 15 


V 


Range 



-12 


V 

CMRR 

Common-Mode Rejection Ratio 

R s ^ 10 kH 

70 

100 


dB 

PSRR 

Supply Voltage Rejection Ratio 

(Note 6) 

70 

100 


dB 

Is 

Supply Current 



3.6 

5.6 

mA 


AC Electrical Characteristics (Note 4) 


Symbol 


Parameter 


Conditions 


TL082C 


Min 


Typ 


Max 


Units 


Amplifier to Amplifier Coupling 


T a = 25°C,f = 1 Hz- 
20 kHz (Input Referred) 


-120 


dB 


SR 


Slew Rate 


V s = ± 15V, T a = 25°C 


13 


V/jlis 


GBW 


Gain Bandwidth Product 


V s = ± 15V, T a = 25° C 


MHz 


Equivalent Input Noise Voltage 


t a = 25°c, r s = ioon, 
f = 1000 Hz 


25 


nV/l/Hz 


■n 


Equivalent Input Noise Current 


Tj = 25°C, f = 1000 Hz 


0.01 


pA/l/Hz 


Note 1: For operating at elevated temperature, the device must be derated based on a thermal resistance of 115°C/W junction to ambient for the N package. 
Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: The power dissipation limit, however, cannot be exceeded. 

Note 4: These specifications apply for Vs = ±15V and 0°C £Ta £ +70°C. Vos. <B and los are measured at Vqm = 0. 

Note 5: The input bias currents are junction leakage currents which approximately double for every 1 0°C increase in the junction temperature, 
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature ris 
temperature as a result of internal power dissipation, Pq. Tj = Ta + 0jA Pd where 0jA is the thermal resistance from junction to ambient, 
recommended if input bias current is to be kept to a minimum. 

Note 6: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. 
V S = ±6V to ± 15V. 


Tj. Due to the limited 
es above the ambient 
Use of a heat sink is 
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POSITIVE COMMON-MODE INPUT 

UNITY GAIN BANDWIDTH (MHz) NEGATIVE OUTPUT VOLTAGE SWING (V) VOLTAGE LIMIT (V) INPUT BIAS CURRENT (pA) 


Typical Performance Characteristics 


Input Bias Current 


too |-V S = -15V 
Lt a = 25 C 


Input Bias Current 


Supply Current 



-10 -SO S 10 

COMMON MODE VOLTAGE (V) 



0 10 20 30 40 SO 60 70 

TEMPERATURE ( C) 


1 

0°<Ta<+70 

1 

c 





>■ 





7 ^ 














0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


Positive Common-Mode Input 
Voltage Limit 



S 10 IS 20 
POSITIVE SUPPLY VOLTAGE (V) 


Negative Common-Mode Input 
Voltage Limit 



5 10 IS 20 

NEGATIVE SUPPLY VOLTAGE (V) 


Positive Current Limit 






v 





25 C 

0C 

— 

— 










0 10 20 30 40 

OUTPUT SOURCE CURRENT (mA) 


Negative Current Limit 


Voltage Swing 


Output Voltage Swing 


-j-25'’C 
70 C 0 C 


0 10 20 30 40 

OUTPUT SINK CURRENT (mA) 
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Typical Performance Characteristics (Continued) 


Distortion vs Frequency 





iil 

Hm 

n 



100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Undistorted Output 
Voltage Swing 


Open Loop Frequency 
Response 



10 100 IK 10k 100k 1M 10M 

FREQUENCY (Hz) 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 

10k 100k 1M 

FREQUENCY (Hz) 

1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 

Common-Mode Rejection 

Power Supply Rejection 

Equivalent Input Noise 


10 100 Ik 10k 

FREQUENCY (Hz) 


Open Loop Voltage 
Gain (V/V) 


Output Impedance 



Inverter Settling Time 


1111111111^1 

ibid m 


SUPPLY VOLTAGE (*V) 

FREQUENCY (Hz) 

SETTLING TIME Im*) 



TL/H/8357-5 
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TL082CP 


Pulse Response 


Small Signal Inverting 



TIME (0.2 WDIV) 


Large Signal Inverting 


TL/H/8357-6 


TIME (2 /is/DIV) 



TL/H/8357-8 


Small Signal Non-Inverting 



TIME (0.2 ms/DIV) 

TL/H/8357-7 


Large Signal Non-Inverting 



TIME (2/js/DI V) 


TL/H/8357-9 


Current Limit (Rl = 100n) 



TIME (5 ;us/DIV) 


TL/H/8357-10 


Application Hints 

These devices are op amps with an internally trimmed input 
offset voltage and JFET input devices (BI-FET II). These 
JFETs have large reverse breakdown voltages from gate to 
source and drain eliminating the need for clamps across the 
inputs. Therefore, large differential input voltages can easily 
be accommodated without a large increase in input current. 
The maximum differential input voltage is independent of 
the supply voltages. However, neither of the input voltages 


should be allowed to exceed the negative supply as this will 
cause large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit on either input 
will cause a reversal of the phase to the output and force 
the amplifier output to the corresponding high or low state. 
Exceeding the negative common-mode limit on both inputs 
will force the amplifier output to a high state. In neither case 


* 
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Application Hints (Continued) 

does a latch occur since raising the input back within the 
common-mode range again puts the input stage and thus 
the amplifier in a normal operating mode. 

Exceeding the positive common-mode limit on a single input 
will not change the phase of the output; however, if both 
inputs exceed the limit, the output of the amplifier will be 
forced to a high state. 

The amplifiers will operate with a common-mode input volt- 
age equal to the positive supply; however, the gain band- 
width and slew rate may be decreased in this condition. 
When the negative common-mode voltage swings to within 
3V of the negative supply, an increase in input offset voltage 
may occur. 

Each amplifier is individually biased by a zener reference 
which allows normal circuit operation on ±6V power sup- 
plies. Supply voltages less than these may result in lower 
gain bandwidth and slew rate. 

The amplifiers will drive a 2 k ft load resistance to ±10V 
over the full temperature range of 0°C to + 70°C. If the am- 
plifier is forced to drive heavier load currents, however, an 
increase in input offset voltage may occur on the negative 
voltage swing and finally reach an active current limit on 
both positive and negative swings. 

Precautions should be taken to ensure that the power sup- 
ply for the integrated circuit never becomes reversed in po- 
larity or that the unit is not inadvertently installed backwards 


in a socket as an unlimited current surge through the result- 
ing forward diode within the 1C could cause fusing of the 
internal conductors and result in a destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in or- 
der to ensure stability. For example, resistors from the out- 
put to an input should be placed with the body close to the 
input to minimize “pick-up” and maximize the frequency of 
the feedback pole by minimizing the capacitance from the 
input to ground. 

A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capaci- 
tance from the input of the device (usually the inverting in- 
put) to AC ground set the frequency of the pole. In many 
instances the frequency of this pole is much greater than 
the expected 3 dB frequency of the closed loop gain and 
consequently there is negligible effect on stability margin. 
However, if the feedback pole is less than approximately 6 
times the expected 3 dB frequency a lead capacitor should 
be placed from the output to the input of the op amp. The 
value of the added capacitor should be such that the RC 
time constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole time 
constant. 


Detailed Schematic 




TL/H/8357-11 


2 
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TL082CP 


Typical Applications 


Three-Band Active Tone Control 


BOOST «♦ CUT 



TL/H/8357-12 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 

Note 1: All controls flat. 

Note 2: Bass and treble boost, mid flat. 
Note 3: Bass and treble cut, mid flat. 
Note 4: Mid boost, bass and treble flat. 
Note 5: Mid cut, bass and treble flat. 


TL/H/8357-13 


• All potentiometers are linear taper 

• Use the LF347 Quad for stereo applications 
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Typical Applications (Continued) 

Improved CMRR Instrumentation Amplifier 



zb and -i are separate isolated grounds 

Matching of R2’s, R4’s and R5’s control CMRR 

With Av t = 1400, resistor matching = 0.01%: CMRR = 136 dB 

• Very high input impedance 

• Super high CMRR 


TL/H/8357-14 



• Corner frequency (f c ) = 

• Passband gain (H 0 ) = (1 + R4/R3) (1 + R47R3') 

• First stage Q = 1.31 

• Second stage Q = 0.541 

• Circuit shown uses nearest 5% tolerance resistor values for a filter with a corner frequency of 100 Hz and a passband gain of 100 

• Offset nulling necessary for accurate DC performance 





Typical Applications (Continued) 


Fourth Order High Pass Butterworth Filter 


0.001 0.001 1/2 TL082 


C C 

0.001 0.001 


> R2' 1/2 TL082 

> 100k ^ 


• Corner frequency (f c ) = 


ri t 1 1 t 1 

vR1R2C 2 *2tt VR1’R2 , C 2 *27t 


• Passband gain (H 0 ) = (1 + R4/R3) (1 + R47R3’) 

• First stage Q = 1.31 

• Second stage Q = 0.541 

• Circuit shown uses closest 5% tolerance resistor values for a filter with a corner frequency of 1 kHz and a passband gain of 10 


Ohms to Volts Converter 



v, IV 

Vo = □ x R x 

Rladder 

Where Rladder > s the resistance from switch SI pole to pin 7 of the TL082CP. 
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Buffers 

Definition of Terms 


Bandwidth: That frequency at which the voltage gain is re- 
duced to 1 /V 2 times the low frequency value. 
Common-Mode Rejection Ratio: The ratio of the input 
common-mode voltage range to the peak-to-peak change in 
input offset voltage over this range. 

Harmonic Distortion: That percentage of harmonic distor- 
tion being defined as one-hundred times the ratio of the 
root-mean-square (rms) sum of the harmonics to the funda- 
mental. 

% harmonic = (V2 2 + V 32 + V42 + . . . )i/2 (100%) 
distortion VI 

where VI is the rms amplitude of the fundamental and V2, 
V3, V4, . . . are the rms amplitudes of the individual harmon- 
ics. 

Input Bias Current: The average of the two input currents. 
Input Common-Mode Voltage Range: The range of volt- 
ages on the input terminals for which the amplifier is opera- 
tional. Note that the specifications are not guaranteed over 
the full common-mode voltage range unless specifically 
stated. 

Input Impedance: The ratio of input voltage to input current 
under the stated conditions for source resistance (Rg) and 
load resistance (Rl). 

Input Offset Current: The difference in the currents into 
the two input terminals when the output is at zero. 

Input Offset Voltage: That voltage which must be applied 
between the input terminals through two equal resistances 
to obtain zero output voltage. 

Input Resistance: The ratio of the change in input voltage 
to the change in input current on either input with the other 
grounded. 

Input Voltage Range: The range of voltages on the input 
terminals for which the amplifier operates within specifica- 
tions. 


Large-Signal Voltage Gain: The ratio of the output voltage 
swing to the change in input voltage required to drive the 
output from zero to this voltage. 

Output Impedance: The ratio of output voltage to output 
current under the stated conditions for source resistance 
(Rg) and load resistance (Rl). 

Output Resistance: The small signal resistance seen at the 
output with the output voltage near zero. 

Output Voltage Swing: The peak output voltage swing, re- 
ferred to zero, that can be obtained without clipping. 

Offset Voltage Temperature Drift: The average drift rate 
of offset voltage for a thermal variation from room tempera- 
ture to the indicated temperature extreme. 

Power Supply Rejection: The ratio of the change in input 
offset voltage to the change in power supply voltages pro- 
ducing it. 

Settling Time: The time between the initiation of the input 
step function and the time when the output voltage has set- 
tled to within a specified error band of the final output volt- 
age. 

Slew Rate: The internally-limited rate of change in output 
voltage with a large-amplitude step function applied to the 
input. 

Supply Current: The current required from the power sup- 
ply to operate the amplifier with no load and the output mid- 
way between the supplies. 

Transient Response: The closed-loop step-function re- 
sponse of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from dc to the 
frequency where the amplifier open loop gain rolls off to 
one. 

Voltage Gain: The ratio of output voltage to input voltage 
under the stated conditions for source resistance (Rg) and 
load resistance (R|_). 
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Buffers Selection Guide 
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Buffers Selection Guide (Notes iand 2) 


Device 

—3 dB 

Vos 

•s 


V 0 UT 



Type 

MHz(Typ) 

mV (Max) 



V (Min) 



LM110, 210, 310 

20 

7.5 

5.5 

0.9999 

±10 

3.0 

10 

LH4001 

25 

500 

10 



■R91 


LH0002 

30 

±30 

10 

" n 


■OH 

■1 

LH0033 

100 

20 

24 

0.98 

±9 

1400 

100 

LH4002 

200 

50 

35 

0.85 

±3 

1250 


LH0063 

200 

±50 

65 

0.93 

±10 

2400 



*Not specified 

Note 1: Datasheet should be referred to for test conditions and more detailed information. 
Note 2: 200°C Temp Range Parts are available. Consult local sales office for information. 
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General Description 

The LH0002/LH0002C is a general purpose current amplifi- 
er. 

Features 

□ High input impedance 400 kft 

□ Low output impedance 6ft 

□ High power efficiency 

B Low harmonic distortion 
El DC to 30 MHz bandwidth 

□ Output voltage swing that approaches supply voltage 

□ 400 mA pulsed output current 

□ Slew rate is typically 200 V//xs 

□ Operation from ± 5V to ± 20V 

These features make it ideal to integrate with an operational 
amplifier inside a closed loop configuration to increase cur- 
rent output. The symmetrical output portion of the cir- 


cuit also provides a low output impedance for both the posi- 
tive and negative slopes of output pulses. 

The LH0002 is available in an 8-lead low-profile TO-5 head- 
er and a 20-pin leadless chip carrier; the LH0002C is also 
available in an 8-lead TO-5, and a 10-pin molded dual-in-line 
package. 

The LH0002 is specified for operation over the -55°C to 
+ 125°C military temperature range. The LH0002C is speci- 
fied for operation over the 0°C to + 85°C temperature range. 

Applications 

□ Line driver 

□ 30 MHz buffer 

□ High speed D/A conversion 

□ Instrumentation buffer 

□ Precision current source 


Schematic and Connection Diagrams 


v,+ V,+ 



4(8) OUTPUT 


Dual-ln-Line Package 



Order Number LH0002CN 
See NS Package Number N10A 


Leadless Chip Carrier 


NC NC E, NC OUTPUT 

k is \i i, is 


Pin numbers in parentheses denote pin 
connections for dual-in-line package. 

Metal Can Package 



OUTPUT TL 

Order Number LH0002H or LH0002CH 
See NS Package Number H08D 


|18|17 j16|15|14 
INPUT NCVfNCVj" 

Order Number LH0002E 
See NS Package Number E20A 


LH0002/LH0002C 




LH0002/LH0002C 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 2) 

Supply Voltage ± 22V 

Power Dissipation Ambient 600 mW 

Input Voltage (Equal to Power Supply Voltage) 

Storage Temperature Range - 65°C to + 1 50°C 

Operating Temperature Range 
LH0002 - 55°C to + 125°C 

LH0002C 0°Cto +85°C 


Steady State Output Current 
Pulsed Output Current (50 ms On/1 sec. Off) 
Lead Temperature Soldering (10 seconds) 
Metal Can 
Plastic 

ESD rating to be determined. 


±100 mA 
±400 mA 


Electrical Characteristics (Notei) 


Conditions 


Voltage Gain 


AC Current Gain 


Input Impedance 


Output Impedance 


Output Voltage Swing 


Output Voltage Swing 


DC Output Offset Voltage 


DC Input Offset Current 


R s = lOkft, R L = 1.0kn,V| N = ±10V 


V|n = 1.0 Vrms, f = 1.0 kHz 


R s = 200 kft, V| N = ±1 .0V, R L = 1 .0 kft 


V| N = ±i.ov, r l = son, R s = io kft 


R l = 1.0kft,V !N = ±12V 


V s = ±15V,V| N = ±12V I R s = 50n ) R L =100a > T A = 25 o C 


Rg ~ 300ft, Rl = 1-0 kft 


V| N = 5.0 Vrms, f = 1.0 kHz 0.1 % 


R L = 50ft, AV| N = 100 mV 7.0 12 


R S = 10 kft, Rl = i.o kft 


R S = 10 kft, R l = 1.0 kft j 


Note 1: Specification applies for Ta = 25°C with + 1 2V on Pins 1 and 2; -12V on Pins 6 and 7 for the metal can package and + 1 2V on Pins 1 and 2; -12V on 
Pins 4 and 5 for the dual-in-line package unless otherwise specified. The parameter guarantees for LH0002C apply over the temperature range of 0°C to + 85°C, 
while parameters for the LH0002 are guaranteed over the temperature range -55 6 C to + 125°C unless otherwise specified. 

Note 2: Refer to RETS0002X for LH0002 military specifications. 



Positive Supply Current 


Negative Supply Current 


Typical Applications 


High Current Operational Amplifier 

R2 u..»kuta«hu 



SELECT CAPACITOR TO ADJUST 
TIME RESPONSE OF PULSE. 



•Previously called NH0002/NH0002C 
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LH0033/LH0033A/LH0033C/LH0033AC/LH0063/LH0063C 
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LH0033/LH0033A/LH0033C/LH0033AC/LH0063/ 
LH0063C Fast and Ultra Fast Buffer Amplifiers 


General Description 

The LH0033/LH0033A and LH0063 are high speed, FET 
input, voltage follower/ buffers designed to provide high cur- 
rent drive at frequencies from DC to over 100 MHz. The 
LH0033/LH0033A will provide ±10 mA into 1 kft loads 
(±100 mA peak) at slew rates of 1500V/ju,s. The LH0063 
will provide ±250 mA into 50ft loads (±500 mA peak) at 
slew rates up to 6000V/jas. In addition, both exhibit excel- 
lent phase linearity up to 20 MHz. 

Both are intended to fulfill a wide range of buffer applica- 
tions such as high speed line drivers, video impedance 
transformation, nuclear instrumentation amplifiers, op amp 
isolation buffers for driving reactive loads and high imped- 
ance input buffers for high speed A to Ds and comparators. 
In addition, the LH0063 can continuously drive 50ft coaxial 
cables or be used as a yoke driver for high resolution CRT 
displays. For additional applications information, see AN-48. 
These devices are constructed using specially selected 
junction FETs and active laser trimming to achieve guaran- 
teed performance specifications. The LH0033/LH0033A 
and LH0063 are specified for operation from -55°C to 
+ 125°C; whereas, the LH0033C/LH0033AC and LH0063C 
are specified from — 25°C to +85°C. The LH0033/ 


LH0033A is available in either a 1.5W metal TO-8 package 
or an 8-pin ceramic dual-in-line package. The LH0063 is 
available in a 5W 8-pin TO-3 package. 

Features 

■ Ultra fast (LH0063): 6000 V/fis 

■ Wide range single or dual supply operation 

■ Wide power bandwidth: DC to 100 MHz 

■ High output drive: ±10V with 50ft load 

■ Low phase non-linearity: 2 degrees 

■ Fast rise times: 2 ns 

■ High current gain: 120 dB 

■ High input resistance: 10 10 ft 

Advantages 

■ Only 10V supply needed for 5 Vp-p video out 

■ Speed does not degrade system performance 

■ Wide data rate range for phase encoded systems 

■ Output drive adequate for most loads 

■ Single pre-calibrated package 


Connection Diagrams 


LH0033G LH0033J LH0063K 

Metal Can Package DuaMn-Line Package Metal Can Package 



top view Case is electrically isolated 

TL/K/5507-1 

Case is electrically isolated Leadless Chip Carrier 


Order Number LH0033G, LH0033AG, LH0033CG, 
LH0033ACG, LH0063K, LH0063CK, 
LH0033J or LH0033CJ 

See NS Package Number G12B, HY08A or K08A 



TL/K/5507-27 

Order Number LH0033E 
See NS Package Number E48B 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Notes 5 & 7) 


Supply Voltage (V + -V ) 

40V 

Maximum Power Dissipation (See Curves) 


LH0063/LH0063C 

5W 

LH0033A/LH0033AC/LH0033/LH0033C 

1.5W 

Maximum Junction Temperature 

175°C 

Input Voltage 

±v s 

Continuous Output Current 


LH0063/LH0063C 

±250 mA 

LH0033A/LH0033AC/LH0033/LH0033C 

±100 mA 


Peak Output Current 
LH0063/LH0063C 
LH0033A/LH0033AC/ 
LH0033/LH0033C 
Operating Temperature Range 
LH0033A/LH0033 and LH0063 
LH0033AC/LH0033C and LH0063C 


±500 mA 

±250 mA 

— 55°C to + 1 25°C 
-25°Cto +85°C 


Storage Temperature Range - 65° to + 1 50°C 

Lead Temp. (Soldering, 1 0 seconds) 300°C 

ESD rating to be determined. 


DC Electrical Characteristics Vg= ±15V, Tmin^Ta^Tmax. unless otherwise specified, (Note 1) 


Parameter 

Conditions 

| LH0033A | 

| LH0033AC | 

J LH0033 

| LH0033C | 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Output Offset 

R s =100n,Tj = 25°C, 


1 

5 


6 

15 


5.0 

10 


12 

20 

mV 

Voltage 

V, N = 0V (Note 2) 
R s =iooa 



10 



20 



15 



25 

mV 

Average 

R s =iooa, v IN =ov 


50 

100 


50 

100 


50 

100 


50 

100 

jLtV/°C 

Temperature 
Coefficient of 

Offset Voltage 

(Note 3) 














Input Bias 

v, N — ov 














Current 

Tj = 25°C (Note 2) 



100 



250 



250 



500 

pA 


T a = 25°C (Note 4) 



1.5 



2.5 



2.5 



5.0 

nA 


Tj = T a =T M ax 



7.5 



10 



10 



20 

nA 

Voltage Gain 

V 0 = ±10V, 
R s =iooa, 

R L =1.0ka 

0.97 

0.98 

1.00 

0.96 

0.98 

1.00 

0.97 

0.98 

1.00 

0.96 

0.98 

1.00 

V/V 


Input 

Impedance 

R[_=1 ka 

1010 

ion 


1010 

1011 


1010 

ion 


1010 

ion 


a 

Output 

V| N =±1.0V, 


6.0 

10 


6.0 

10 


6.0 

10 


6.0 

10 

a 

Impedance 

R L =1.0k 














Output 

V|= ± 14V, R L = 1.0k 

±12 



±12 



±12 



±12 



V 

Voltage Swing 

V|=± 10.5 V, 
R L =100a,T A =25°C 

±9.0 



±9.0 



±9.0 



±9.0 



V 

Supply Current 

V| N = 0V (Note 5) 


20 

22 


21 

24 


20 

22 


21 

24 

mA 

Power Consumption 

V IN = 0V 


600 

660 


630 

720 


600 

660 


630 

720 

mW 


AC Electrical Characteristics tj= 25 °c, v s = ±isv, r s =5oh, r l =i.o (N ote 6) 


Parameter 

Conditions 

| LH0033A | 

| LH0033AC j 

i LH0033 | 

| LH0033C j 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Slew Rate 

V| N =±10V 

1000 

1500 


1000 

1400 


1000 

1500 


1000 

1400 


V/fJLS 

Bandwidth 

V|n=1.0 Vrms 


100 



100 



100 



100 


MHz 

Phase Non-Linearity 

BW= 1.0Hz to 20 MHz 


2.0 



2.0 



2.0 



2.0 


degrees 

Rise Time 

AV| N = 0.5V 


2.9 



3.2 



2.9 



3.2 


ns 

Propagation Delay 

AV| N = 0.5V 


1.2 



1.5 



1.2 



1.5 


ns 

Harmonic Distortion 

f>1 kHz 


<0.1 



<0.1 



<0.1 



<0.1 


% 


Note 1: LH0033 and LH0033A are 100% production tested as specified at 25° C, 125°C, and-55°C. LH0033AC/C are 100% production tested at 25°C only. 
Specifications at temperature extremes are verified by sample testing, but these limited are not used to calculate outgoing quality level. 

Note 2: Specification is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed the 
value at Tj = 25°C. When supply voltages are ±15V, no-load operating junction temperature may rise 40-60°C above ambient, and more under load conditions. 
Accordingly, Vos ma y change one to several mV, and lg will change significantly during warm-up. Refer to Is vs temperature graph for expected values. 

Note 3: LH0033 and LH0033A are 100% production tested for this parameter. LH0033AC/C are sample tested only. Limits are not used to calculate outgoing 

quality levels. A Vos/ AT is the average value calculated from measurements at 25°C and Tmax- 

Note 4: Measured in still air 7 minutes after application of power. Guaranteed through correlated automatic pulse testing. 

Note 5: Guaranteed through correlated automatic pulse testing at T j = 25°C. 

Note 6: Not 100% production tested; verified by sample testing only. Limits are not used to calculate outgoing quality level. 

Note 7: Refer to RETS0033AG for the LH0033AG and RETS0033G for the LH0033G military specifications. 


LH0033/LH0033A/LH0033C/LH0033AC/LH0063/LH0063C 



LH0033/LH0033A/LH0033C/LH0033AC/LH0063/LH0063C 


DC Electrical Characteristics Vs= ± 15V, Tmin^Ta^Tmax unless otherwise specified (Note 1) 


Parameter 

Conditions 

LH0063 

LH0063C 








Output Offset Voltage 

R s <100kn, Tj = 25°C, R L = 100a (Note 2) 



25 


10 

50 






100 





Average Temperature 
Coefficient of Output 
Offset Voltage 




■ 

■ 

300 


jutV/°C 

Input Bias Current 

Tj = 25°C (Note 2) 


10 

30 


10 

30 

nA 





100 



100 

nA 

Voltage Gain 

v, N = ±iov, r s <ioo kn, r l =i kn 

0.94 





1.0 


Voltage Gain 

V|n= ±10V, R s <100 kn, R L = 50n 

Tj = 25°C 

0.92 

0.93 

0.98 

0.91 

0.93 

0.98 

V/V 


Case Shorted to Output 


8.0 



8.0 


PF 

Output Impedance 

Vout= ±iov, Rs^ioo kn, R L =5on 


1.0 

4.0 


1.0 

4.0 

n 

Output Current Swing 

V| N =±10V, R s <100 kn 

0.2 

0.25 






Output Voltage Swing 

R|_=50n 

±10 



±10 




Output Voltage Swing 

V s = ±5.0V, R L =50n, Tj = 25°C 

5.0 



5.09 

7.0 


Vp-p 

Supply Current 

Tj = 25°C, R l =oo,v s =± 15V 
(Note 3) 

■ 

35 

65 

■ 

35 

65 

mA 

Supply Current 

V S =±5.0V (Note 3) 


50 



50 


mA 

Power Consumption 

T j = 25°C, R L = °°, V s = ± 15V 


1.05 

1.95 


1.05 

1.95 

W 

Power Consumption 

V S =±5.0V 


500 



500 




AC Electrical Characteristics Tj=25°c,v s =±i5v, R S =soft, r l = son (Note 4> 


Parameter 

Conditions 

LH0063 

LH0063C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Slew Rate 

R|_=1.0 kn, V|n= ±10V 


6000 



6000 


V/jutS 

Slew Rate 

R L = 50n, V| N = ± 1 0V, Tj = 25°C 

2000 

2400 


2000 

2400 


V/jus 

Bandwidth 

V|n = 1.0 Vrms 





200 


MHz 

Phase Non-Linearity 

BW =1.0 Hz to 20 MHz 


2.0 



2.0 


degrees 

Rise Time 

AV 1N = 0.5V 


1.6 



1.9 


ns 

Propagation Delay 

AV| N = 0.5V 


1.9 



2.1 


ns 

Harmonic Distortion 



<0.1 





% 


Note 1: LH0063 is 100% production tested as specified at 25°C, 125°C, and -55°C. LH0063C is 100% production tested at 25°C only. Specifications at 
temperature extremes are verified by sample testing, but these limits are not used to calculate outgoing quality level. 

Note 2: Specification is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed the 
value at Tj = 25°C. When supply voltages are ±15V, no-load operating junction temperature may rise 40-60°C above ambient, and more under load conditions. 
Accordingly, Vos may change one to several mV, and Ib ans los will change significantly during warm-up. Refer to Ib and los vs temperature graph for expected 
values. 

Note 3: Guaranteed through correlated automatic pulse testing at Tj=25°C. 

Note 4: Not 100% production tested; verified by sample testing only. Limits are not used to calculate outgoing quality level. 

Note 5: Refer to RETS0063K for the LH0063K military specifications. 
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Typical Performance Characteristics 


LH0033 Power Dissipation 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 


LH0063 Power Dissipation 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 



£-100 
°— 200 
-300 


LH0033 Supply Current vs 
Supply Voltage 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


1 


t 

=> 

CO 


LH0063 Supply Current vs 
Supply Voltage 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


18 

16 

14 

12 

10 


4 


LH0063 Output Voltage vs 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


LH0033 Negative Pulse 
Response 



0 10 20 30 40 50 60 


TIME (ns) 



LH0033 Frequency 



LH0033 Rise and Fall Time 



1.0 2.0 5.0 10.0 20.0 50 100 

FREQUENCY (MHz) 


-50 0 50 100 150 

TEMPERATURE (°C) 


12 

10 

8 



-8 

-10 

-12 


LH0063 DC Safe Operating 
Area 



15 -10 -5 0 5 10 15 

OUTPUT VOLTAGE (V) 


LH0033 Output Voltage vs 
Supply Voltage 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


LH0033 Positive Pulse 
Response 



0 10 20 30 40 50 60 


TIME (ns) 


LH0063 Large Signal Pulse 
Response 



0 1 2 3 4 5 6 7 8 9 10 11 12 
TIME (ns) 


TL/K/5507-4 
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LH0033/LH0033A/LH0033C/LH0033AC/LH0063/LH0063C 


Typical Performance Characteristics (Continued) 


LH0033 Input Bias Current 



0 25 50 75 100 125 

TEMPERATURE (°C) 


LH0063 Input Current 



LH0063 Frequency 
Response 



1 10 100 1000 
FREQUENCY (MHz) 


LH0033 Normalized Input 
Bias Current During 



0 2 4 6 8 10 

TIME FROM POWER TURN-ON (MINUTES) 


LH0063 Small Signal Rise 
Time 



LH0033 Input Bias Current 



10 8 6 4 2 0 -2 -6 -10 
INPUT VOLTAGE (V) 

TL/K/5507-5 


Application Hints 

RECOMMENDED LAYOUT PRECAUTIONS 

RF/video printed circuit board layout rules should be fol- 
lowed when using the LH0033 and LH0063 since they will 
provide power gain to frequencies over 100 MHz. Ground 
planes are recommended and power supplies should be de- 
coupled at each device with low inductance capacitors. In 
addition, ground plane shielding may be extended to the 
metal case of the device since it is electrically isolated from 
internal circuitry. Alternatively the case should be connected 
to the output to minimize input capacitance. 

OFFSET VOLTAGE ADJUSTMENT 

Both the LH0033’s and LH0063’s offset voltages have been 
actively trimmed by laser to meet guaranteed specifications 
when the offset preset pin is shorted to the offset adjust pin. 
This pre-calibration allows the devices to be used in most 
DC or AC applications without individually offset nulling 
each device. If offset null is desirable, it is simply obtained 
by leaving the offset preset pin open and connecting a trim 
pot of 100n for the LH0033 or 1 kfl for the LH0063 be- 
tween the offset adjust pin and V~, as illustrated in Figures 
1 and 2. 



+ 15V 


OUTPUT 


-15V 


TL/K/5507-6 

FIGURE 1. Offset Zero Adjust for LH0033 
(Pin numbers shown for TO-8) 



+ 15V 


OUTPUT 


-15V 


TL/K/5507-7 

FIGURE 2. Offset Zero Adjust for LH0063 
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Application Hints (Continued) 

OPERATION FROM SINGLE OR ASYMMETRICAL 
POWER SUPPLIES 

Both device types may be readily used in applications where 
symmetrical supplies are unavailable or not desirable. A typ- 
ical application might be an interface to a MOS shift register 
where V+ = +5VandV _ = —12V. In this case, an appar- 
ent output offset occurs due to the device’s voltage gain of 
less than unity. This additional output offset error may be 
predicted by: 

(V+ — v-) 

AV 0 = (1 -A v )- -=0.005(V' t " — V“) 

where: 

Av = No load voltage gain, typically 0.99 
V + — Positive supply voltage 
V~ = Negative supply voltage 

For the above example, AVq would be -35mV. This may 
be adjusted to zero as described in Figure 2. For AC cou- 
pled applications, no additional offset occurs if the DC input 
is properly biased as illustrated in the Typical Applications 
section. 


SHORT CIRCUIT PROTECTION 

In order to optimize transient response and output swing, 
output current limit has been omitted from the LH0033 and 
LH0063. Short circuit protection may be added by inserting 
appropriate value resistors between V + and Vc + pins and 
V - and Vq“ pins as illustrated in Figures 3 and 4. Resistor 
values may be predicted by: 

V+ v- 

RlIM = 1 — = 7 — 

! SC lsc 

where: 

lsc ^100 mA for LH0033 
I S c^ 250 mA for LH0063 


V + 


v+ 




TL/K/5507-8 

FIGURE 3. LH0033 Using Resistor Current Limiting 


TL/K/5507-9 

FIGURE 4. LH0063 Using Resistor Current Limiting 
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Application Hints (Continued) 

The inclusion of limiting resistors in the collectors of the 
output transistors reduces output voltage swing. Decoupling 
Vc + and Vc“ pins with capacitors to ground will retain full 
output swing for transient pulses. Alternate active current 
limit techniques that retain full DC output swing are shown in 
Figures 5 and 6. In Figures 5 and 6, the current sources are 
saturated during normal operation, thus apply full supply 
voltage to the Vc pins. Under fault conditions, the voltage 
decreases as required by the overload. 

For Figure 5: 


Rlim 


_ v be , 

isc 


0.6V 
60 mA 


= 10fl 


In Figure 6, quad transistor arrays are used to minimize can 
count and: 


r lim = 


Vbe 0.6V 
1/3 Osc) 1/3(200 mA) 


= 8.2 Cl 



OUTPUT 


0.01 ,xf 


-15V 

TL/K/5507-10 


FIGURE 5. LH0033 Current Limiting 
Using Current Sources 



Using Current Sources 


CAPACITIVE LOADING 

Both the LH0033 and LH0063 are designed to drive capaci- 
tive loads such as coaxial cables in excess of several thou- 
sand picofarads without susceptibility to oscillation. Howev- 
er, peak current resulting from (Cxdv/dt) should be limited 
below absolute maximum peak current ratings for the de- 
vices. 

Thus for the LH0033: 

^ XC L ^I out^ ±250 mA 

and for the LH0063: 

^ XC|_^1 OUT^ ±500 mA 

In addition, power dissipation resulting from driving capaci- 
tive loads plus standby power should be kept below total 
package power rating: 

P D pkg.^P DC +PAC 

P D pkg.^(V+-V-)xl s +P A c 

PAC = (Vp-p) 2 XfXC L 
where: 

Vp-p = Peak-to-peak output voltage swing 
f = Frequency 
C|_ = Load Capacitance 
OPERATION WITHIN AN OP AMP LOOP 
Both devices may be used as a current booster or isolation 
buffer within a closed loop with op amps such as LH0032, 
LH0062, or LM118. An isolation resistor of 47fl should be 
used between the op amp output and the input of LH0033. 
The wide bandwidths and high slew rates of the LH0033 
and LH0063 assure that the loop has the characteristics of 
the op amp and that additional rolloff is not required. 

HARDWARE 

In order to utilize the full drive capabilities of both devices, 
each should be mounted with a heat sink particularly for 
extended temperature operation. The cases of both are iso- 
lated from the circuit and may be connected to the system 
chassis. 

DESIGN PRECAUTION 

Power supply bypassing is necessary to prevent oscillation 
with both the LH0033 and LH0063 in all circuits. Low induc- 
tance ceramic disc capacitors with the shortest practical 
lead lengths must be connected from each supply lead 
(within <y 4 to y 2 " of the device package) to a ground 
plane. Capacitors should be one or two 0.1 jliF in parallel for 
the LH0033; adding a 4.7 jllF solid tantalum capacitor will 
help in troublesome instances. For the LH0063, two 0.1 /xF 
ceramic and one 4.7 ju.F solid tantalum capacitors in parallel 
will be necessary on each supply lead. 
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Schematic Diagrams 

LH0033/LH0033A LH0063 


12 V + 



\ / 


SHORTED TL/K/5507-12 

Pin numbers shown for TO-8 (“G”) package. 


NORMALLY 

SHORTED 



TL/K/5507-13 


Typical Applications 

High Speed Automatic Test Equipment 
Forcing Function Generator 
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Corporation 


LH4001 Wideband Current Buffer 


General Description 

The LH4001 is a high speed unity gain buffer designed to 
provide high current drive capability at frequencies from DC 
to over 25 MHz. It is capable of providing a continuous out- 
put current of ±100 mA and a peak of ±200 mA. 

The LH4001 is designed to fulfill a wide range of applica- 
tions such as impedance transformation, high impedance 
input buffers for A/D converters and comparators, as well 
as high speed line drivers. It is also suitable for use in cur- 
rent booster applications within an op amp loop. This allows 
the output current capability of existing op amps to be in- 
creased to ±100 mA. 


Features 

■ DC to 25 MHz bandwidth 

■ 125 V/jus slew rate 

■ Drives ±10V into 50ft 

■ Operates from ± 5 to ± 20V supplies 

■ Output swing approaches supply voltage 

Applications 

■ Boost op amp output 

■ Buffer amplifiers 

■ Isolate capacitive loads 

■ Drive long cables 


Typical Applications and Connection Diagram 



TL/K/8628-1 


Dual-In-Line Package 


-(NOTE) 

— (NOTE) 

8 w 

— v 0UT 
-(NOTE) 

-(NOTE) 

TL/K/8628-2 

Top View 

*Note: Electrically connected internally. No connection should be made to these pins. 

Order Number LH4001CN 
See NS Package Number N10A 


+v„- 


+Vc r 



-VcH 


-Vco-H 



3-19 


LH4001 





LH4001 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage, Vs ± 22V 

Continuous Output Current, Iq ±100 mA 

Peak Output Current, lo(peak) 

(50 ms On/1 Sec Off) ± 200 mA 


Input Voltage Range, Vin 
P ower Dissipation Ambient 
Storage Temperature Range, Tstg 
O perating Temperature Range, Ta 
M aximum Junction Temperature, Tj 
Lead Temp. (Soldering, <10 seconds) 
ESD rating is to be determined. 


±V S 
500 mW 
— 65°Cto +150°C 
0°C to +70°C 
150°C 
260°C 


Electrical Characteristics (Note d 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

A V 

Voltage Gain 

R s = 10 kft, R L = 1 kft 

V| N = ±10V 

0.95 

0.97 

1 

V/V 

Rin 

Input Impedance 

R s = 200 kft, R L = 1 kft 

V| N = ±1.0V 

180 

400 


kft 

Rout 

Output Impedance 

Rs = 10 kft, Rl = 50ft 

V| N = ±1.0V 


6 

10 

ft 

v 0 

Output Swing 

V s = ± 1 5V, R s = 50ft 

R l = 1 kft, V| N = ± 12V 

±10 

±11 


V 

•b 

Input Bias Current 

R s = 10 kft, R l = 1 kft 


±10 

±50 

juA 

tr 

Rise Time 

R l = 100ft, AV| N = 100 mV 


7 


ns 

SR 

Slew Rate 

V| N = ±5V, R l = 100ft 


125 


V//XS 

is 

Supply Current 

R s = 10 kft 


±6 

±10 

mA 

Vos 

DC Output Offset Voltage 

Rs = 300ft, Rl = 1 kft 


±10 

±50 

mV 


Note 1: Specification applies for Ta = 25°C with + 12V on Pins 1 & 2; -12V on Pins 4 & 5 unless otherwise specified. 


Typical Performance Characteristics 



4 6 8 10 12 14 16 18 20 

SUPPLY VOLTAGE (±V) 


Frequency Response 



Pulse Response 


Supply Current 



9.0 12.0 

SUPPLY VOLTAGE (±V) 


15.0 

TL/K/8628-3 



TOP TRACE = INPUT 
BOTTOM TRACE = OUTPUT 


TL/K/8628-10 


V| N = ±2.5V, Rs = Rl = son 
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Applications Information 

Figure 1 shows a simple implementation of a non-inverting 
buffer amplifier of unity gain. Popular industry standard op- 
erational amplifiers such as LF156, LF351, LF411, LF441, 
LM1 1 , LM741 , etc. can be used in this configuration. Due to 
the high bandwidth of the LH4001 , it is suitable for use with 
most monolithic op amps. 

Figure 2 shows an implementation of an inverting amplifier 
with output current capability in excess of ±100 mA. The 
gain of this amplifier is determined by the values of Rp and 
Rin. The resistor between the non-inverting input and 
ground is used to minimize the output offset voltage result- 
ing from the input bias current. 

Because of its high current drive capability, the LH4001 
buffer amplifier is suitable for driving terminated or untermi- 
nated co-axial cables, and high current or reactive loads. 


Figure 3 shows a co-axial cable drive circuit. The 43ft resis- 
tor matches the driving source to the cable, however, its 
inclusion rarely will result in substantial improvement in 
pulse response into a terminated cable. If the 43ft resistor 
is included, the output voltage to the load is about half what 
it would be without the near end termination. 

Figure 4 shows a non-inverting amplifier with gain and out- 
put current capability in excess of ±100 mA. It is capable of 
providing ±10 mA into a 1 kft load or ±100 mA into a 
100ft load (±10V swing). Figures 5 and 6 show two differ- 
ent methods of providing current limit or short circuit protec- 
tion for the LH4001. In Figure 6, the 10ft resistor limits the 
output current to approximately 70 mA. This circuit is highly 
recommended if there is a potential for a short circuit to 
occur. 


+15V +15V 



FIGURE 1. Non-Inverting Buffer Amplifier 



V OUT Rf 

V|N R|N 


TL/K/8628-6 


El 
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PRELIMINARY 


LH4002 Wideband Video Buffer 


General Description 

The LH4002 is a high speed voltage follower designed to 
drive video signals from DC up to 200 MHz. At voltage sup- 
plies of ±5V, the LH4002 will provide up to 40 mA into 50ft 
at slew rates in excess of 1000 V/p,s. 

The device is intended to fulfill a wide range of high speed 
applications including video distribution, impedance trans- 
formation, and load isolation. It is also suitable for use in 
current booster applications within an op amp loop. This 
allows the output current capability of existing op amps to 
be increased. 


Features 

■ DC to 200 MHz Bandwidth with V$ = ±5V 

■ 1250 V/jus Slew Rate into 50ft 

■ 150 MHz Bandwidth with Vs = ±5V, R|_ = 50ft and 
Voltage Swing = 2 Vp.p 

Applications 

■ Wideband Buffer Amplifiers 

■ Wideband Line Driver 


Typical Applications and Connection Diagrams 




DuaMn-Line Package 



Order Number LH4002CN 
See NS Package Number N10A 


Order Number LH4002CH or LH4002H 
See NS Package Number H08D 



See NS Package Number E20A 


TL/K/8686-13 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage, V§ ± 6V 

Input Voltage Range, V|n ± Vs 

Continuous Output Current, lo ± 60 mA 

Storage Temperature Range, Tstg — 65°C to + 1 50°C 


Operating Temperature Range, Ta 
LH4002 
LH4002C 

Maximum Junction Temperature, Tj 
Lead Temperature (Soldering, 10 sec) 
ESD rating is to be determined. 


— 55°C to + 1 25°C 
— 25°C to +85°C 
150°C 
300°C 


DC Electrical Characteristics v cc = ±sv,t. 


min ^ Ta ^ T max unless otherwise stated. 


Min 


Typ 

| Max 

20 

5 

0 





AC Electrical Characteristics v cc = ±sv,t a = 25 »c. 




Propagation Delay 


Harmonic Distortion 


AV| N = 0.5V 


f = 1 kHz 



MHz 


degrees 


ns 


ns 


Note 1: Under normal operating conditions +Vcci and +Vcc2 should be connected together, and — Vcci and -Vcc2 should be connected t 
Note 2: Guaranteed by design. This parameter is sample tested. 
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Typical Performance Characteristics 


Maximum Power Dissipation 
Metal Can Package 



0 25 50 75 100 125 150 175 200 

TEMPERATURE (°C) 

TL/K/8686-4 


Frequency Response 



FREQUENCY, (MHz) 

TL/K/8686-5 


Supply Current 



±3 ±4 ±5 ±6 ±7 

SUPPLY VOLTAGE (V) 


TL/K/8686-6 


Maximum Power Dissipation 
Dual-ln-Line Package 
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LH4002 



LH4002 


Typical Applications 




TL/K/8686-9 

FIGURE 2. Compensation for Capacitive Loads 

Applications Information 

The high speed performance of the LH4002 can only be 
realized by taking certain precautions in circuit layout and 
power supply decoupling. Low inductance ceramic chip or 
disc power supply decoupling capacitors of 0.01 /xF in paral- 
lel with 0.1 jliF should be connected with the shortest practi- 
cal lead length between device supply leads and a ground 
plane. Failure to follow these rules can result in oscillations. 



TL/K/8686-10 

FIGURE 3. Compensation for Capacitive Loads 


When driving a capacitive load such as inputs to flash con- 
verters, the circuits in Figure 2 and 3 can be used to mini- 
mize the amount of overshoot and ringing at the outputs. 
Figure 2 indicates that a 50ft should be placed in parallel 
with the load and Figure 3 recommends that a 1 00ft resistor 
be placed in series with the input to the LH4002. 


Schematic Diagram 


+V CC1 +V CC2 



TL/K/8686-14 
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National 

Semiconductor 

Corporation 


PRELIMINARY 


LH4003/LH4003C Precision RF Closed Loop Buffer 


General Description 

The LH4003 is a precision RF buffer optimized for unity gain 
applications. The LH4003 features a small signal bandwidth 
of 250 MHz. The buffer is internally compensated to be unity 
gain stable and has internal short circuit protection. The 
LH4003 is useful in applications such as video buffering, 
cable driving, and flash converter input conditioning. 


Features 

■ Operation from ±6V supplies 

■ Drive 50H directly 

■ Internal power supply bypassing 

■ Short circuit protection 

■ 1000 V/jus slew rate 

■ 0.97 gain accuracy into 500 


Applications 

■ Line drivers 

■ Video buffers 


Block and Connection Diagram 


Note 1: NC = No Connection 

Note 2: Pins 9 & 17 Internally Connected 



24 NC 
23 NC 
22 NC 
21 NC 
20 NC 
19 NC 
18 +V S 
17 GND 
16 -INPUT 
15 NC 

14 FEEDBACK 
13 OUTPUT 


Order Number LH4003D, LH4003CD 
See NS Package Number D24D 


TL/K/9243-1 
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LH4003/LH4003C 




LH4003/LH4003C 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Output Short Circuit Duration Continuous 

contact the National Semiconductor Sales Office/ Operating Temperature Range, T A 

Distributors for availability and specifications. LH4003CD -25°C to +85°C 

Supply Voltage, Vs ± 8V LH4003D - 55°C to + 1 25°C 

Power Dissipation, Pq Storage Temperature Range, Tstg -65°C to + 1 50°C 

t a = 25°C, derate linearly at 62.5°C/W 2W Maximum Junction Temperature, Tj 1 50°C 

T C = 25°C, derate linearly at 33.3»C/W 3.75W Lead Temperature (Soldering, 10 sec.) 300'C 

Input Common Mode Voltage Range, Vcm ± Vs 

Output Current, Iq ±100 m A 

DC Electrical Characteristics Vs = ±6V, R S = R l = 50n, Ta = 25°c unless otherwise noted. (Notes 1, 6) 

Symbol 

Parameter 

Conditions 

LH4003C 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

Vos 

Output Offset Voltage 

T A = Tj = 25°C 
(Note 4) 

5 

15 


mV 

Vos/at 

Offset Voltage Drift 

100 



jutV/°C 

•b 

Input Bias Current 

R S = 300ft, T A = Tj = 25°C 
(Note 4) 

100 

200 


jxA 

1 


V|N = 2 Vpp 
f = 1 kHz 

R|_ = 50H 

0.98 

0.95 


V/V (Mi n) 

R L = 1 kn 

0.98 

0.95 


Vo 

Output Voltage Swing 



±3 


V(Min) 

PSRR 

Power Supply 

Rejection Ratio 

V s = ±4V to ±8V 

55 

n 



— 


R L = 1 kft (Note 7) 

55 

65 


■ 

SI 





780 

mW 

AC Electrical Characteristics Vs = ±6V, R s = R|_ = 50ft, Ta = 25°C unless otherwise noted. (Note 1) 

Symbol 

Parameter 

Conditions 

LH4003C 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

ES 

Small Signal Rise Time 

AV| N = 0.5V 

2 



ns 

is 

Settling Time to 0.1 % 

V, N = ±3V 

80 



■ 

Slew Rate 

mamm 


1000 


800 

IBfli 

V| N = +3V to — 3V 

10% -90% 


!■■■■ 

1000 

f- 3dB 

Small Signal Bandwidth 

v 0UT = 1 00 mVp-p 

250 

200 


MHz (Min) 


Full Power Bandwidth 

V| N = ± 2V, (Note 5) 

65 



MHz 


Harmonic Distortion 

Second Order, Vout = 4V p-p, 

/l N = 10 MHz 

-60 



dB 
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DC Electrical Characteristics Vs = ±6V, Rs = Rl = 50 Cl, Ta = 25°C unless otherwise noted. (Notes 1, 6) 


Symbol 

Parameter 

Conditions 

LH4003 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

Vos 

Output Offset Voltage 

T A = Tj = 25°C 
(Note 4) 

2 

15 


mV 


20 


VOS/AT 



Wilil 




•b 

Input Bias Current 

Rs = 300a 

T a = Tj = 25°C, (Note 4) 

100 

200 


jaA 




200 


A V 

Voltage Gain 

V|N = 2 Vpp 
f = 1 kHz 

Rl = son 


0.95 


V/V ( Min) 

R l = 1 kO 

0.98 

0.95 



0.93 


v 0 

Output Voltage Swing 

II 

+ 


±3 

±3 

V 

(Min) 




PSRR 

Power Supply 

Rejection Ratio 

V s = ±4V to ±8V 


45 


dB 

(Min) 


40 


is 

Supply Current 

R l = 1 kfl (Note 7) 

55 

65 

80 

mA 

Pd 

Power Dissipation 



780 

mW 


AC Electrical Characteristics Vg = +6V, Rs = Rl = 50a, Ta = 25°c unless otherwise noted. (Note 1) 


Symbol 

Parameter 

Conditions 

LH4003 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

IB 

Small Signal Rise Time 

AV| N = 0.5V 

2 



ns 

13 

Settling Time to 0.1 % 

V| N = +3V 

80 



ns 

SR 

Slew Rate 

V IN = — 3V to +3V 

10%-90% 

1000 


800 

VjaS 

(Min) 

V| N = +3V to -3 V 

10%-90% 

1200 


1000 

/— 3 dB 

Small Signal Bandwidth 

Vqut = 100 mVp-p 

250 

200 


MHz (Min) 


Full Power Bandwidth 

V| N = ±2V, (Note 5) 

65 



MHz 


Harmonic Distortion 

Second Order, Vqut = 4V p-p, 

/l N = 10 MHz 

-60 



dB 


Note 1: These measurements are taken with the LH4003 strapped for a gain of +1. 

Note 2: Tested limits are guaranteed and 100% tested in production. 

Note 3: Design limits are guaranteed (but not 100% production tested) over indicated temperature and supply voltage ranges. These limits are not used to 
calculate outgoing quality levels. 

Note 4: Specification is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed value 
at Tj = 25°C. See Typical Performance Characteristics for more information. 

Note 5: Full power bandwidth is calculated based on slew rate measurement using FPBW = slew rate / (2 i rV peak). 

Note 6: Boldface limits are guaranteed over fuil temperature. Operating ambient temperature range of LH4003C is -25°C to +85°C, and LH4003 is -55°C to 
+ 1 25°C. 

Note 7: When the LH4003 is operated at elevated temperature (such as 125°C), some form of heat sinking or forced air cooling is required. The quiescent power 
with Vs of ±6V is 780 mW, whereas the package is rated to 750 mW without a heatsink at 125°C. 
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LH4003/LH4003C 


Typical Performance Characteristics 


Maximum Power 
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TEMPERATURE (°C) 

TL/K/9243-2 


TIME (MIN) 

TL/K/9243-10 


TIME (MIN) 

TL/K/9243-11 


Application Information 

The unity gain follower configuration shown in Figure 1, of- 
fers a 250 MHz small signal bandwidth to the -3dB point 
and the minimum slew rate of 800 V/jtxs insures a full power 
bandwidth of 65 MHz for a 4V peak-to-peak signal, accord- 
ing to the formula: 

B = SR/2 t t Vp 

Where SR is the slew rate in ju,s, B is the bandwidth of the 
device in MHz for a peak sine wave voltage Vp. 

The unity gain follower/buffer is therefore an excellent 
choice for wideband sinewave buffering or pulse amplifica- 
tion. Figure 2 shows the typical pulse response for such a 
configuration. 

DRIVING CAPACITIVE LOADS 

Flash A/D, unterminated cables, etc, can exhibit up to 
300 pF of capacitance, thus creating stability or settling 
problems. Figure 3 shows the compensation scheme for 
driving such capacitive loads while still insuring optimum 
settling. The output current limit of the LH4003 is a consid- 
erable help for driving capacitive loads, the charging current 
is kept in control and the damping resistor can be small 
without overloading the output stage. A 2011 resistor in se- 
ries with the capacitance is required for insuring an optimum 
settling time of 0.5% in less than 20 ns which is suitable for 
driving a 7 bit flash A to D converter in video applications at 
a sampling rate of 20 MSPS (see Figure 4). 


Although the LH4003 contains internal decoupling, it still 
requires some external bypassing capacitors, which have to 
be located as close to the supply pins as possible. A 4.7 jaF 
in parallel with a 100 nF low inductance capacitor will insure 
good filtering. In some cases of noisy environment, or when 
the power supply is located far from the circuit, it may be 
necessary to use a dual stage decoupling as shown in Fig- 
ure 5. 

Ground can also become a considerable problem. It is as- 
sumed to be uniformly zero volts and considered as a refer- 
ence. In practice, if the ground is poorly laid out, every sin- 
gle point may be at a different potential and at a different 
phase, which is a source of instability or signal distortion. 
The most reliable solution to this problem is to have a 
ground plane that will minimize the parasitic inductance and 
therefore, potential and phase differences. 

INPUT CAPACITANCE 

The input capacitance of the LH4003 is typically 8 pF and 
will slightly increase with frequency. A large source resist- 
ance value in front of this will form a pole, which may sub- 
stantially reduce the bandwidth of the circuit and affect sta- 
bility. 

This is the reason why resistor values higher than 500 ohms 
should not be utilized in the feedback network and high 
source impedance should be avoided. 


LAYOUT CONSIDERATIONS 

The layout of a RF/Video PC board where the signal fre- 
quency is beyond 100 MHz required special attention. All 
the traces or connections must be as short and as wide as 
possible in order to keep their parasitic inductance to a mini- 
mum. This is especially critical for the supply lines where the 
current can reach over 1 00 mA in a few nanoseconds. 


BIAS CURRENT 

The input bias current is typically 100 juA and may create an 
undesirable output offset voltage when the source imped- 
ance is high. An internal 500 resistor is provided for match- 
ing with a 50H source impedance in order to minimize the 
output offset voltage. Figure 6 shows a circuit that uses a 
FET transistor pair for the input stage in order to reduce the 
input bias current to the sub-nanoampere region. 
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Typical Applications 



TL/K/9243-3 

FIGURE 1. Unity Gain Follow, 

Typical BW 3dB = 250 MHz 



TL/K/9243-4 

Note: Top trace is input and bottom trace is output. Vcc = ±6V, Rs = Rl = 50H. 

FIGURE 2. Pulse Response of Follower 
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LH4003/LH4003C 


Typical Applications (Continued) 


TL/K/9243-7 

Note: Top trace is input and bottom trace is output. Vcc = ± 6V, Rs = 50ft, R|so = 20ft and Cl = 300 pF. 

FIGURE 4. Pulse Response when Driving Capacitance. 




100X1 



TL/K/9243-9 

FIGURE 6. FET Buffer Reduces Bias Current 
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National 

Semiconductor 

Corporation 


PRELIMINARY 


LH4004/LH4004C Wideband 

General Description 

The LH4004 is an FET input, high speed differential amplifi- 
er optimized for unity gain applications. It eliminates most of 
the drawbacks of conventional open loop buffers and does 
not require compensation for unity and other low gain oper- 
ations. It is an ideal choice for video distribution, driving 
flash converters, and summing amplifiers. Furthermore, the 
bandwidth does not decrease with increasing gain. At a 
closed loop gain of 4, the LH4004 still offers a 75 MHz 
bandwidth. 


FET-Input Buffer/Amplifier 

Features 

■ ±0.5 dB gain flatness 

■ 500 V/jns slew rate 

■ Drives 500 directly 

■ 140 MHz bandwidth 

■ No external components required for unity gain 
operation 

■ Internal power supply bypassing 


Applications 

■ Unity gain buffer 

■ Low gain op amp 


Simplified Schematic and Connection Diagram 


COMP +VS1 +VS2 

(3) (24) (23) 



NC 

NC 

COMP 

NC 

NC 

+INPUT 

-INPUT 

OFF/ADJ 

NC 

NC 

NC 

GROUND 


TL/K/8831-2 

Top View 



+VS1 

+VS2 

NC 

NC 

NC 

OUTPUT 

FEEDBACK 

NC 

NC 

NC 

-VS2 

-VS1 


Order Number 
LH4004CD or LH4004D 
See NS Package Number D24D 
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LH4004/LH4004C 


Symbol 

Parameter 

Conditions 

LH4004C 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

Vos 

Input Offset Voltage 

V 1N = 0V, Ta = Tj = 25°C 
(Note 4) 

8 

15 


mV 

V 0S /AT 

Offset Voltage Drift 

300 



jjlV/°C 

•b 

Input Bias Current 

Tj = 25°C, Pin 6 (Note 4) 


400 


pA 


Gain Accuracy 

V, N = ± IV 

A v = +1 

Rl_ = 500fl 

0.98 

0.96 

0.93 

V/V 

(Min) 

Rl = 50fl 

0.98 

0.96 

0.93 

Vo 

Output Voltage Swing 

< 

z 

II 

1+ 

o 

< 



9.2 

9.2 

V (Min) 


Output Voltage Current Swing 

V| N = ±5V, R L = 50 ft 

±4.5 

±4 


V (Min) 


Supply Current 


35 

40 


mA 

PSRR 

Power Supply Rejection Ratio 

± V s = ± 1 1 V to ± 1 5 V 


40 


dB (Min) 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage, V§ ± 1 5V 

Power Dissipation, Pp 

Ta = 25°C, derate linearly at 80°C/W 1 .8W 

T c = 25°C, derate linearly at 40°C/W 3.75W 

Input Voltage Range, Vin ± Vs 


Operating Temperature Range, Ta 
LH 4004CD — 25°C to + 85°C 

LH4004D - 55°C to + 1 25°C 

Storage Temperature Range, Tstg -65°C to + 1 50°C 
Maximum Junction Temperature, Tj 1 50°C 

Lead T emperature (Soldering, <10 sec) 300°C 

ESD rating is to be determined. 


DC Electrical Characteristics Vs = ±12V, Rs = Rl = 50n, Ta = 25°C unless otherwise noted (Note 1) 


AC Electrical Characteristics Vs = ±12V, Rs = Rl = 50H, Ta = 25°C (unless otherwise noted) 


Symbol 

Parameter 

Conditions 

LH4004C 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

tr 

Small Signal Rise Time 

AV| N = 0.5V 

3 



ns 


Settling Time to 0.5% 

V| N = -2.5V to +2.5V 

30 




/— 3dB 

Small Signal Bandwidth 

Vin = -10 dBm 

A v = +1 

140 

125 



Av — +4 

85 

75 



Large Signal Bandwidth 

Vqut = ±2.5V 

> 

< 

II 

+ 


70 


MHz 


Gain Flatness 

Vin = -10 dBm 

A v = +1 
/= 0-50 MHz 

■ 

±0.5 


dB 


Harmonic Distortion 

Second Order 

V IN = 4Vp-p, /| N = 10 MHz 

■ 



dB 

SR 


V| N = - 2.5V to +2.5V 



1200 

V/juS 

(Min) 

V| N = + 2.5 V to -2.5V 

600 


500 
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DC Electrical Characteristics 

Vs = ±12V, Rs = Rl = 50ft, Ta = 25°C unless otherwise noted (Notes 1 & 5) 


Symbol 

Parameter 

Conditions 

LH4004 

— 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

Vos 

Input Offset Voltage 

T a = Tj = 25°C (Note 4) 

8 

15 


mV 

V os / AT 

Offset Voltage Drift 


300 



jaV/°C 

•b 

Input Bias Current 

T a = Tj = 25°C, Pin 6 (Note 4) 


400 


pA 



400 


nA 


Gain Accuracy 

V, N = ±1V 

A v = +1 

Rl — 500ft 


0.96 



0.93 



0.96 


0.93 

v 0 

Output Voltage Swing 

V| N = ±10V 

R l = 500ft 

9.6 

9.2 


V (Min) 


Output Voltage Swing 

V| N = ±5V,R l = 50ft 


±4 




Supply Current 



40 


wsm 

PSRR 

Power Supply 
Rejection Ratio 



40 


dB (Min) 


AC Electrical Characteristics Vs = ± 12V, Rs = Rl = 50ft, Ta = 25°C unless otherwise noted 


Symbol 

Parameter 

Conditions 

LH4004 

Units 

(Max Unless 
Otherwise 
Stated) 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

tr 

Small Signal Rise Time 

AV| N = 0.5V 

3 



ns 


Settling Time to 0.5% 

V, N = -2.5V to +2.5V 

30 



ns 

/-3dB 

Small Signal Bandwidth 

V|n = -10 dBm 

A v = +1 


125 


MHz 

(Min) 

£ 

II 

+ 


75 



Large Signal Bandwidth 

Vqut = ±2.5V 

<> 

II 

+ 


70 


MHz 


Gain Flatness 

V|n = 100 mV p-p 

A v = +1 
/ = 0-50 MHz 


±0.5 


dB 


Harmonic Distortion 

Second Order 

V| N = 4V p-p, /in =10 MHz 




dB 

SR 

Slew Rate 

V| N = - 2.5V to + 2.5V 



1200 


V| N = + 2.5V to -2.5V 



500 


Note 1: Boldface limits are guaranteed over full temperature range. Operating ambient temperature range of LH4004C is -25°C to + 85°C, and LH4004 is 
— 55°C to + 125°C. 

Note 2: Tested limits are guaranteed and 100% production tested. 

Note 3: Design limits are guaranteed (but not 100% production tested) over the indicated temperature range. These limits are not used to calculate outgoing quality 
levels. 

Note 4: Specification is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed value 
at Tj = 25°C. 

Note 5: When the LH4004 is operated at elevated temperature (such as 125°C), some form of heat sinking or forced air cooling is required. The quiescent power 
with Vs of ±12V is 960 mW, whereas the package is only rated to 800 mW without a heatsink at 125°C. 
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LH4004/LH4004C 


Application Hints 

The front page figure shows the simplified schematic which 
includes the feedback resistor and the decoupling capaci- 
tors. 

The essential difference from other op amps is that both 
inputs are radically different, the non-inverting input goes to 
a FET buffer follower and the inverting input is connected to 
the second stage emitter node. This topology is responsible 
for the unique bandwidth characteristic and transfer function 
of the amplifier. 

Let’s consider the connection diagram of Figure 1. The typi- 
cal transfer function in the case of a classical op amp would 
be: 


VQUT _ K(S) 

V| N 1 + K(s)/B 

Ra + Rr 

where B = — and K(s) is the open loop gain of the 

r b 

amplifier and is frequency dependent. By rearranging the 
formula, we find; 


(D 


VQUT d , K(s) 
V| N K(s) + B 


For the LH4004, a small signal analysis shows that the dif- 
ference between the two inputs turns the previous typical 
equation into: 


(2) veyi = B * 

v ' V| N K(s) + B + m R a 

where m is an internal parameter to the device and K(s) is 
approximately 70 dB at DC with a 50ft load. 

In both equations, the second term is negligible when the 
open loop gain of the amplifier, K(s), approaches infinity, but 
in equation (1), when the signal frequency reaches a point 
where K(s) is small, say K(s) = 10 or less, then the term will 
be very sensitive to the value of the closed loop gain B and 
Vqut /v in wi|1 fall earlier as B increases. 

In equation (2), m is approximately 0.19 and R a is provided 
inside the package, with a value which has been chosen to 
be 240ft. The term mR A is therefore equal to 46 and will 
dominate the term B as long as it is kept below 5. The result 
is that Vqut/V|n will not be as dependent on B as with 
traditional topologies. The gain will still fall with the open 
loop gain K(s) as the frequency increases, but the roll off will 
be virtually independent of the closed loop gain B. 

Resistor Rr sets the overall closed loop gain, but has very 
little effect on stability and bandwidth. Another peculiarity of 
the LH4004 is that the loop compensation can be accom- 
plished by changing the value of resistor R a (Figure 2). 
Even though this such as settling time, overshoot and phase 
margin, it will not affect the slew rate. Although this resistive 
compensation scheme is adequate in most cases, an alter- 
nate method is to place a capacitor between pins 3 and 1 9 
(Figure 3). This method of compensation also reduces the 
device slew rate (Figure 4). 

Low Gain Operation 

The small amount of stray capacitance present at the invert- 
ing input can cause peaking which increases with decreas- 
ing gain. The gain set resistor Rr (in Figure 1 ) is effectively 


in parallel with this capacitance and so a frequency domain 
pole results. With a small Rr, this pole is at a high frequency 
and it affects the closed loop gain of the LH4004 only slight- 
ly. At lower values of gain, this pole becomes significant. For 
example, at a gain of +2, the gain may peak as much as 
1.5 dB to 2 dB at 100 MHz. 



BANDWIDTH IN MHz FOR UNITY GAIN CONFIGURATION 

TL/K/8831 -10 

FIGURE 2. Bandwidth vs R ext 



0 20 40 60 80 100 120 

BANDWIDTH IN MHz FOR UNITY GAIN CONFIGURATION 

TL/K/8831 -11 

FIGURE 3. Bandwidth vs C ex t 



0 200 400 600 800 

SLEW RATES, V/jjlS 


TL/K/8831 -13 

FIGURE 4. Slew Rates vs Compensation C 
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Typical Applications 



r int 



Note: Adjust pot for best CMRR. TL/K/8831-12 

FIGURE 6. Differential Amplifier 



1 0K 




FIGURE 9. LH4004 Used in Amplifier Applications 


Typical Performance Characteristics 
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LH4004/LH4004C 






fJFJk National 
/S/m Semiconductor 
MUM Corporation 


PRELIMINARY 


LH4006/LH4006C Precision RF Closed Loop Buffer 
General Description 

The LH4006 is a precision RF buffer optimized for unity gain 
applications. It features a small signal bandwidth of 350 
MHz. The buffer is internally compensated to be unity gain 
stable and has internal short circuit protection. The LH4006 
is useful in applications such as video buffering, cable driv- 
ing, and flash converter input conditioning. The high band- 
width also allows the LH4006 to be used in RF/IF signal 
conditioning such as amplification or down conversion. 

Features 

■ Operation from ± 6V supplies 

■ Drives 50fl directly 

Connection Diagram 


24 NC 
23 NC 
22 NC 
21 NC 
20 NC 
19 NC 
18 +V S 
17 GND 
16 -INPUT 
15 NC 

14 FEEDBACK 
13 OUTPUT 

TL/K/9255-1 

Note 1: NC = not connected. 

Note 2: Pins 9 & 1 7 are internally connected. 

Order Number LH4006D & LH4006CD 
See NS Package Number D24D 





a Internal power supply bypassing 
B Short circuit protection 
B 1000 V/ jus slew rate 
a 0.95 gain accuracy into 50fl 

Applications 

B Line drivers 
a Video buffers 
B Pulse amplifiers 
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LH4006/LH4006C 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage, Vs ± 8V 

Power Dissipation, Pq 

T c = 25°C, Derate Linearly at 33.3°C/W 3.75W 

Ta = 25°C, Derate Linearly at 62.5°C/W 2W 

Input Common Mode Voltage Range, Vqm ± Vs 

Output Current, Iq +100 mA 

Output Short Circuit Duration Continuous 

DC Electrical Characteristics (Notes 1 & 6) 


Vs = ±6V, Rs = Rl = 50ft, Ta = 25°C unless otherwise noted. 






LH4006C 

Units 

Symbol 

Parameter 

Conditions 


Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

(Max unless 
otherwise stated) 

v os 

Output Offset Voltage 

T a = Tj = 25°C, Note 4 

5 

15 


mV 

VOS/AT 

Offset Voltage Drift 


100 




>B 

Input Bias Current 

Rs = 300ft, Note 4 

100 

300 


fiA 

Ay 

Voltage Gain 

V|N = 2 Vp-p, 


BBS 

0.95 


V/V 



f = 1 kHz 


EES 

0.95 


(min) 

v 0 

Output Voltage Swing 

£ 

II 

+ 


±3 


V 

(min) 

PSRR 

Power Supply 
Rejection Ratio 

V s = ±4V to ±8V 

R L = 1 kft 

55 

45 


dB 

(min) 

is 

Supply Current 

V| N = 0V, R l = 1 kft 



65 



P D 

Power Dissipation 

Note 7 




780 



AC Electrical Characteristics (Note i> 

Vs = ±6V, Rs = R|_ = 50ft, Ta = 25°C unless otherwise noted. 






LH4006C 

Units 

Symbol 

Parameter 

Conditions 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

(Max unless 
otherwise stated) 

tr 

Small Signal Rise Time 

AVim = 0.5V 

2 



ns 

ts 

Settling Time to 0.1 % 

Vin = ±3V 

80 



SR 

Slew Rate 

V, N = — 3V to +3V 





V/ju,S 



V| N = +3V to — 3V 





(min) 

/- 3dB 

Small Signal 

Bandwidth 

Vqut = 100 mVp-p 





MHz 

(min) 


Full Power Bandwidth 

V| N = ±2V, Note 5 





Second Order 

Harmonic Distortion 

VoUT = 4 Vp-p, 

/, N = 10 MHz 

-60 



dB 


Operating Temperature Range, Ta 
LH 4006CD — 25°Cto +85°C 

LH4006D — 55°C to + 125°C 

Storage Temperature Range, Tstg -65°C to + 1 50°C 
Maximum Junction Temperature, Tj 1 50°C 

Lead Temperature (Soldering < 10 sec.) 300°C 

ESD Rating to be determined. 
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DC Electrical Characteristics (Notes 1 & 6) 

Vs = + 6V, Rs = R|_ = 50ft, Ta = 25°C unless otherwise noted. 


Symbol 

Parameter 

Conditions 

LH4006 

Units 

(Max unless 
otherwise stated) 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

Vos 

Output Offset Voltage 

T A = Tj = 25°C 

2 

15 


mV 



25 


VOS/AT 

Offset Voltage Drift 

> 

o 

II 

z 

> 

100 



juA//°C 

>B 

Input Bias Current 

R s = 300ft 

T a = Tj = 25°C, Note 4 

100 

300 


jllA 


400 


A V 

Voltage Gain 

V|N = 2 Vp-p, 
f = 1 kHz 

R[_ = 50ft 

0.98 

0.95 

0.93 


V/V 

(min) 

R L = 1 kft 

0.98 

0.95 

0.93 


v 0 

Output Voltage 

Swing 

A v = +1 

1 


±3 

±3 

V 

(min) 

PSRR 

Power Supply 
Rejection Ratio 

V s = ± 4 V to + 8 V 

55 

45 


dB 

(min) 


40 


Is 

Supply Current 

V iN = 0V, R L = 1 kft 
(Note 7) 

55 

65 

80 

mA 


Power Dissipation 



780 

mW 


AC Electrical Characteristics (Notei) 


Vs = + 6V, Rs = Rl = 50ft, Ta = 25°C unless otherwise noted. 






LH4006 

Units 

Symbol 

Parameter 

Conditions 

Typ 

Tested Limit 
(Note 2) 

Design Limit 
(Note 3) 

(Max unless 
otherwise stated) 

tr 

Small Signal Rise Time 

AV| N = 0.5V 

2 



ns 

ts 

Settling Time to 0.1 % 

V| N = +3V 

80 



SR 

Slew Rate 

V| N = — 3V to +3V 

10% -90% 

1000 



V/jU,S 



V| N = +3V to —3 V 

10% -90% 

1200 



(min) 

/— 3 dB 

Small Signal 

Bandwidth 

v 0UT = 100 mVp-p 

II 

+ 

350 

300 


MHz 

(min) 


Full Power Bandwidth 

V| N = ±2V, Note5 

80 




Second Order 

Harmonic Distortion 

v 0UT = 4 Vp-p, 

/| N = 10 MHz 

-60 



dB 


Note 1: These measurements are taken with the LH4006 strapped for a gain of +1. 

Note 2: Tested limits are guaranteed and 100% tested in production. 

Note 3: Design limits are guaranteed (but not 100% production tested) over indicated temperature and supply voltage ranges. These limits are not used to 
calculate outgoing quality levels. 

Note 4: Specification is at 25°C junction temperature due to requirements of high speed automatic testing. Actual value may be higher at operating junction 
temperature. 

Note 5: Full power bandwidth is calculated based on slew rate measurement using FPBW = slew rate/(2 i j-V peak). 

Note 6: Boldface limits are guaranteed over full temperature. Operating ambient temperature range of LH4006C is -25°C to +85°C, and LH4006 is -55°C to 
+ 1 25°C. 

Note 7: When the LH4006 is operated at elevated temperature (such as 125°C), some form of heat sinking or forced air cooling is required. The quiescent power 
with Vs of ±6V is 780 mW, whereas the package is rated to 750 mW without a heatsink at 125°C. 
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LH4006/LH4006C 


Typical Performance Characteristics 


Maximum Power 
Dissipation 



Input Bias Current 
vs Time 



IIIIIIMO^SlI 


Offset Voltage (Typical) 
vs Time 



TEMPERATURE (°C) 


Application information 

The unity gain follower configuration shown in Figure 1 , of- 
fers a 350 MHz small signal bandwidth to the -3 dB point 
and the minimum slew rate of 1000 V/ jus insures a full pow- 
er bandwidth of 80 MHz for a 4V peak to peak signal, ac- 
cording to the formula: 

SR 


Where SR is the slew rate in V/jas, B is the bandwidth of the 
device in MHz for a peak sine wave voltage Vp. 

The unity gain follower/buffer is therefore an excellent 
choice for wideband sinewave buffering or pulse amplifica- 
tion. Figure 2 shows the typical pulse response for such a 
configuration. 


g j , „ 3 I o-ov 0 | 

iiy K 

-mi 


TOP = Input 
BOTTOM = Output 


FIGURE 1. Unity Gain Follower 


Vcc = ±6V, R s = R|_ = 50n. 

FIGURE 2. Follower/Buffer Pulse Response 
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Driving Capacitive Loads 

Flash A/D, unterminated cables, etc, can exhibit up to 300 
pF of capacitance, thus creating stability or settling prob- 
lems. Figure 3 shows the compensation scheme for driving 
such capacitive loads while still insuring optimum settling. 
The output current limit of the LH4006 is a considerable 
help for driving capacitive loads, the charging current is kept 


in control and the damping resistor can be small without 
overloading the output stage. A 20fl resistor in series with 
the capacitance is required for insuring an optimum settling 
time to 0.5% in less than 20 ns which is suitable for driving a 
7 bit flash A to D converter in video applications at a sam- 
pling rate of 20 MSPS (see Figure 4 ). 



TL/K/9255-6 

FIGURE 3. Driving Capacitance 



TOP = Input 
BOTTOM = Output 


V C c = ±6 Volts 
C L = 360 pF 

FIGURE 4. Pulse Response When Driving Capacitance 


TL/K/9255-7 
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LH4006/LH4006C 


Layout Considerations 

The layout of a RF/Video PC board where the signal fre- 
quency Is beyond 100 MHz requires special attention. All 
the traces or connections must be as short and as wide as 
possible in order to keep their parasitic inductance to a mini- 
mum. This is especially critical for the supply lines where the 
current can reach over 1 00 mA in a few nanoseconds. 
Although the LH4006 contains internal decoupling, it still 
requires some external bypassing capacitors, which have to 
be located as close to the supply pins as possible. A 4.7 jliF 
in parallel with a 100 nF low inductance capacitor will insure 
good filtering. In some cases of noisy environment, or when 
the power supply is located far from the circuit, it may be 
necessary to use a dual stage decoupling as shown in Fig- 
ure 5. 



TL/K/9255-8 

FIGURE 5. Dual Stage Decoupling 

Ground can also become a considerable problem. It is as- 
sumed to be uniformly zero volts and considered as a refer- 
ence. In practice, if the ground is poorly laid out, every sin- 
gle point may be at a different potential and at a different 
phase, which is a source of instability or signal distortion. 


The most reliable solution to this problem is to have a 
ground plane that will minimize the parasitic inductance and 
therefore, potential and phase differences. 


Input Capacitance 

The input capacitance of the LH4006 is typically 8 pF and 
will slightly increase with frequency. A large source resist- 
ance value in front of this will form a pole, which may sub- 
stantially reduce the bandwidth of the circuit and affect sta- 
bility. 

This is the reason why resistor values higher than 50011 
should not be used in the feedback network and high 
source impedance should be avoided. 

Bias Current 

The input bias current is typically 100 ju,A and may create an 
undesirable output offset voltage when the source imped- 
ance is high. An internal 5011 resistor is provided for match- 
ing with a 5011 source impedance in order to minimize the 
output offset voltage. Figure 6 shows a circuit that uses a 
FET transistor pair for the input stage in order to reduce the 
input bias current to the sub-nanoampere region. 



TL/K/9255-9 

FIGURE 6. FET Input Follower Buffer 
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National 
Semiconductor 
Corporation 

LM102/LM302 Voltage Followers 

General Description 

The LM102 series are high-gain operational amplifiers de- 
signed specifically for unity-gain voltage follower applica- 
tions. Built on a single silicon chip, the devices incorporate 
advanced processing techniques to obtain very low input 
current and high input impedance. Further, the input transis- 
tors are operated at zero collector-base voltage to virtually 
eliminate high temperature leakage currents. It can there- 
fore be operated in a temperature stabilized component 
oven to get extremely low input currents and low offset volt- 
age drift. 

The LM102, which is designed to operate with supply volt- 
ages between ±12V and +15V, also features low input 
capacitance as well as excellent small signal and large sig- 
nal frequency response — all of which minimize high fre- 


Schematic Diagram 



quency gain error. Because of the low wiring capacitances 
inherent in monolithic construction, this fast operation can 
be realized without increasing power consumption. 

Features 

■ Fast slewing — IOV/jlls 

■ Low input current — 10 nA (max) 

■ High input resistance — 10,000 Mft 

■ No external frequency compensation required 

■ Simple offset balancing with optional 1 K potentiometer 
E3 Plug-in replacement for both the LM101 and LM709 in 

voltage follower applications 
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LM102/LM302 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 

Operating Free Air Temperature Range 


contact the National Semiconductor Sales 

Office/ 

LM102 

— 55°C to + 1 25°C 

Distributors for availability and specifications. 


LM302 

0°C to + 70°C 

(Note 6) 


Storage Temperature Range 

— 65°C to + 150°C 

Supply Voltage 

± 18V 

Lead Temperature (Soldering, 10 sec.) 

300°C 

Power Dissipation (Note 1) 

500 mW 

ESD rating to be determined. 


Input Voltage (Note 2) 

Output Short Circuit Duration (Note 3) 

± 15V 

Indefinite 




Electrical Characteristics (Note 4) 


Parameter 

Conditions 

LM102 

LM302 

Units 

Min 

Typ 

Max 

Min 

Type 

Max 




Input Offset Voltage 

T a = 25«C 


2 

5 


5 

15 

mV 

Input Bias Current 

T a = 25°C 


3 

10 


10 

30 

nA 

Input Resistance 

T a = 25°C 

ioio 

1012 


109 

1012 


Ct 







3.0 


■ga 

Large Signal Voltage 
Gain 

T a = 25°C,V S ± 15V, 

VoUT = ±iov,r l = 8kH 

0.999 

0.9996 


0.9985 

0.9995 

1.0 

1 

Output Resistance 

T a = 25°C 


0.8 



0.8 

mm 

SB 

Supply Current 

T a = 25°C 







mA 

Input Offset Voltage 








mV 

Offset Voltage 
Temperature Drift 



D 

■ 


20 


jxV/°C 

Input Bias Current 

T a = T a MAX 


iairj 




15 

nA 


t a = t a min 






50 

nA 

Large Signal Voltage 

V s = ±15V,V 0 UT= ±iov, 

0.999 







Gain 

R l = 10 k ft 







Output Voltage 

Swing 

V s = ±15V, R l = 10 kn 
(Note 5) 

±10 



±10 



V 

Supply Current 

T a = 25°C 


2.6 

4.0 




mA 

Supply Voltage 
Rejection Ratio 

±12V<; V s ^ ± 15V 

60 



60 



dB 


Note 1: The maximum junction temperature of the LM102 is 150°C, while that of the LM302 is 85°C. For operating at elevated temperatures, devices in the TO-5 
package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: It is necessary to insert a resistor (at least 5k and preferably 10k) in series with the input pin when the amplifier is driven from low impedance sources to 
prevent damage when the output is shorted and to ensure stability. 

Note 4: These specifications apply for ±12V ^ Vs ^ ±15V and -55°C ^ Ta ^ 125°C for the LM102 and 0°C ^Ta ^ 70°C for the LM302 unless otherwise 
specified. 

Note 5: Increased output swing under load can be obtained by connecting an external resistor between the booster and V - terminals. See curve. 

Note 6: Refer to RETS102X for the LM102H military specifications. 
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VOLTAGE GAIN (V/V) _ INPUT CURRENT (nA) 





LM102/LM302 



FREQUENCY (Hi) 

TIME M 

AMBIENT TEMPERATURE ( U C) 



TL/H/7753-10 





Typical Applications 


Low Pass Active Filter 


HI" 


INPUT 


cr 

940 pF 


R2 


10K 


— ^AAr+^W^r*- J W\r^ + 

— I — C2* 

- | 470 pF 



OUTPUT 


* Values are for 10 kHz cutoff. Use sil- 
vered mica capacitors for good tem- 
perature stability. 


Sample and Hold with Offset Adjustment 



High Pass Active Filter 



TL/H/7753-5 


High Input Impedance AC Amplifier 



TL/H/7753-6 
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LM102/LM302 


Connection Diagram 


Metal Can Package 
Top View 

BALANCE 



Order Number LM102H or LM302H 
See NS Package Number H08C 


TL/H/7753-2 
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National 
Semiconductor 
Corporation 

LM1 10/LM210/LM310 Voltage Follower 

General Description 

The LM110 series are monolithic operational amplifiers in- 
ternally connected as unity-gain non-inverting amplifiers. 

They use super-gain transistors in the input stage to get low 
bias current without sacrificing speed. Directly interchange- 
able with 101, 741 and 709 in voltage follower applications, 
these devices have internal frequency compensation and 
provision for offset balancing. 

The LM110 series are useful in fast sample and hold cir- 
cuits, active filters, or as general-purpose buffers. Further, 
the frequency response is sufficiently better than standard 
1C amplifiers that the followers can be included in the feed- 
back loop without introducing instability. They are plug-in 
replacements for the LM102 series voltage followers, offer- 


ing lower offset voltage, drift, bias current and noise in addi- 
tion to higher speed and wider operating voltage range. 
The LM1 10 is specified over a temperature range -55°C ^ 
T a <; + 125°C, the LM210 from -25°C ^ T A ^ +85°C and 
the LM310 from 0°C <; T A <; +70°C. 

Features 

■ Input current 10 nA max over temperature 

■ Small signal bandwidth 20 MHz 

a Slew rate 30 V/jlls 

a Supply voltage range ±5Vto +18V 



Schematic Diagram 


INPUT (3) 




V + (7) 


OUTPUT (6) 


R13 

3K 


R12 

1.5K 



TL/H/7761 -1 



3 
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LM1 10/LM210/LM310 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 6) 

Supply Voltage ± 1 8V 

Power Dissipation (Note 1 ) 500 mW 

Input Voltage (Note 2) ± 1 5V 

Output Short Circuit Duration (Note 3) Indefinite 

Operating Temperature Range 

LM110 — 55°C to +125°C 

LM210 — 25°C to +85°C 

LM310 0°Cto+70°C 

Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 260°C 

Soldering Information 

Dual-ln-Line Package 

Soldering (10 sec.) 260°C 

Small Outline Package 

Vapor Phase (60 sec.) 21 5°C 

Infrared (1 5 sec.) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD rating to be determined. 

Electrical Characteristics (Note 4) 












Parameter 

Conditions 

LM110 

LM210 

LM310 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

T a = 25°C 


mm 

ESI 


mm 

ESI 


2.5 

m 

mV 

Input Bias Current 

T a = 25°C 


mm 

Blil 


mm 



2.0 

7.0 

nA 

Input Resistance 

T a = 25°C 

1010 









n 

Input Capacitance 






1.5 





PF 

Large Signal Voltage. 
Gain 

T a = 25°C,V S = ±15V 
Vout = ±iov, R L = 8 kn 

0.999 

0.9999 


0.999 

0.9999 


0.999 



V/V 

Output Resistance 

T a = 25°C 


0.75 

m 







n 

Supply Current 

T a = 25°C 










mV 

Input Offset Voltage 




6.0 






■a 

mV 


— 55°C <; T a ^ +85°C 


6 



6 





jaV/°C 

Temperature Drift 

T a = 125°C 

0°C ^ T A ^ +70°C 





12 



10 


O O 

> > 

Input Bias Current 




10 



10 



10 

nA 

Large Signal Voltage 
Gain 

V s = ± 1 5V, Vqut = ±10V 
r l = io ka 

0.999 



0.999 






V/V 

Output Voltage 

Swing (Note 5) 

V s = +15V, R L = 10 kn 

±10 



±10 



±10 

■ 


V 

Supply Current 

T a = 125°C 


2.0 

4.0 







mA 

Supply Voltage 
Rejection Ratio 

±5V<; V S ^ ± 18V 

70 

80 



80 


70 

80 


dB 

Note 1: The maximum junction temperature of the LM110 is 150°C, of the LM210 is 100°C, and of the LM310 is 85°C. For operating at elevated temperatures, 
devices in the TO-5 package must be derated based on a thermal resistance of 1 50°C/W, junction to ambient, or 45°C/W, junction to case. The thermal resistance 
of the dual-in-line package is 100°C/W, junction to ambient. 

Note 2: For supply voltages less than ± 1 5V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: Continuous short circuit for the LM110 and LM210 is allowed for case temperatures to 125°Cand ambient temperatures to 70°C, and for the LM310, 70"C 
case temperature or 55°C ambient temperature. It is necessary to insert a resistor greater than 2 kn in series with the input when the amplifier is driven from low 
impedance sources to prevent damage when the output is shorted. Rs = 5k min, 14k typical is recommended for dynamic stability in all applications. 

Note 4: These specifications apply for ±5V ^ Vs ^ ±18V and -55°C ^ T A 125°Cforthe LM110, -25°C T A £ 85°Cforthe LM210, andO°C ^ T A £ 70°Cfor 
the LM310 unless otherwise specified. 

Note 5: Increased output swing under load can be obtained by connecting an external resistor between the booster and V~ terminals. See curve. 

Note 6: Refer to RETS110X for LM110H, LM110J military specifications. 
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LM110/LM210/LM310 


Typical Applications (Continued) 

Fast Inverting Amplifier with High Input Impedance 


ci 
5 pF 



Comparator for Signals of Opposite Polarity 



TL/H/7761-6 


TL/H/7761-7 


3-54 



Typical Applications (Continued) 


Driver for A/D Ladder Network 


+15V 


DIGITAL 

SWITCH 

DRIVE 



TL/H/7761 -8 


Zero Crossing Detector 



TL/H/7761 -9 
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Typical Applications (Continued) 



‘Switch substrates are boot-strapped to reduce output capacitance of switch. 


TL/H/7761 -10 


Comparator for AC Coupled Signals 



Vth 


TL/H/7761 -11 


High Input Impedance AC Amplifier 



TL/H/7761 -12 




3 - 5 ' 


LM110/LM210/LM310 







Typical Applications (Continued) 







LM1 10/LM210/LM310 




Typical Applications (Continued) 




Buffered Reference Source 



TL/H/7761-25 


3 - 6 ' 



LM110/LM210/LM310 


Typical Applications (Continued) 


Low Drift Sample and Hold* 

V+ R1 



’Worst case drift less than 3 mV/sec TL/H/7761 -26 



Variable Capacitance Multiplier 


R1 R2 

IK 10K 



TL/H/7761 -27 
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Typical Performance Characteristics <lmiio/lm 2 io) 


Input Current 



-55 -35 -15 5 25 45 65 >5 105 125 

TEMPERATURE (°C) 


Output Noise Voltage 



FREQUENCY (Hz) 


Large Signal Pulse 
Response 



0 12 3 4 

TIME (ps) 


Voltage Gain and 
Phase Lag 



Ik 10k 100k 1M 

FREQUENCY (Hz) 


Voltage Gain and 
Phase Lag 


Voltage Gain 


o < 

S3 5 
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LM110/LM210/LM310 



LM1 10/LM210/LM310 
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Connection Diagrams 


Metal Can Package 

BALANCE 



TL/H/7761-30 

Package is connected to Pin 4 (V - ) 

Top View 

Order Number LM1 10H, LM210H or LM310H 
See NS Package Number H08C 


Dual-ln-Line Package 



Note: Pin 6 connected to bottom of package. 

Top View 


Order Number LM110J, LM210J or LM310J 
See NS Package Number J14A 


DuaMn-Line Package 



8 BALANCE 

7 V + 

6 OUTPUT 

5 BOOSTER 

TL/H/7761-32 


Order Number LM310M or LM310N 
See NS Package Number M08A or N08E 
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LM61 13/LM6214/LM6314 
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ADVANCED INFORMATION 


LM6113/LM6214/LM6314 High Speed 
Op Amp Plus Power Buffer 


General Description 

The LM6113 family is a combined high speed op amp and 
power buffer. The op amp features a 40 MHz small signal 
bandwidth, and a fast 240V/jus slew rate. A compensation 
pin is included for altering the open loop bandwidth and 
slew rate if desired. The op amp and buffer are pinned out 
separately, and can be used independently or in combina- 
tion. The buffer has a 50 MHz small signal bandwidth and 
slews at 700V/ juis into a 50ft load and can deliver ±300 mA 
output current. The buffer includes protection in the form of 
current limit and thermal shutdown. The 16 pin plastic ver- 
sion, (LM6214/LM6314), has the unique features of elec- 
tronic shutdown and error flag included. 

These amplifiers are built with National’s new VIPtm (Verti- 
cally Integrated PNP) process which provides fast PNP tran- 
sistors that are true complements to the already fast NPN 
devices. This advanced junction-isolated process delivers 
high speed performance without the need for complex and 
expensive dielectric isolation. 


Features 

■ Current and thermal limiting 

■ Op amp and buffer pinned out separately 

Op Amp 


■ Wide bandwidth 

40 MHz 

■ High slew rate 

240V/jus 

Buffer 


■ High slew rate (Into 50fl) 

700V/ jus 

■ Wide bandwidth 

50 MHz 

■ Electronic shutdown 


■ Bi-State Output 


■ Error flag warns of faults 



Connection Diagrams 


LM6113H 


LM6214N, LM6314N 




Order Number LM6113H, LM6214N or LM6314N 
See NS Package Number H08A or N16A 
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ADVANCED INFORMATION 


LM6121/LM6221/LM6321 High Speed Buffer 


General Description 

The LM6121 family of high speed unity gain buffers slew at 
800 V/juts and have a small signal bandwidth of 50 MHz 
while driving a 5011 load. These buffers can deliver 
±300 mA, and do not oscillate while driving large capacitive 
loads. The LM6121 features performance which is superior 
to the LH0002 with the additional features of current limit 
and thermal shutdown. 

These buffers are built with National’s new VIPtm (Vertically 
Integrated PNP) process which provides fast PNP transis- 
tors that are true compliments to the already fast NPN de- 
vices. This advanced junction-isolated process delivers high 
speed performance without the need for complex and ex- 
pensive dielectric isolation. 


Features 

■ High Slew Rate (into 5011) 

■ Wide Bandwidth (into 5011) 

■ Peak Output Current 

■ High Input Impedance 

■ LH0002H pin compatible 

m No oscillations with Capacitive loads 
a 5V to ± 1 6V operation 
b Current and Thermal Limiting 
m Slew Rate 100% tested 


800 V/jits 
50 MHz 
±300 mA 
5 MU 


Simplified Schematic Pin Configurations 


V+ 



Numbers in ( ) are for 8 pin N DIP 


LM6221N 

LM6321N 




TL/H/9223-3 

Order Number LM6121H, LM6221N or LM6321N 
See NS Package Number H08A or N08E 


3 
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LM61 25/LM6225/LM6325 
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ADVANCED INFORMATION 


LM6125/LM6225/LM6325 High Speed Buffer 


General Description 

The LM6125 family of high speed unity gain buffers slew at 
800 V/jlis and have a small signal bandwidth of 50 MHz 
while driving a 50H load. These buffers can drive ± 300 mA, 
and do not oscillate while driving large capacitive loads. The 
LM6125 contains unique features not found in power buff- 
ers, these include: current limit, thermal shutdown, electron- 
ic shutdown, and an error flag that warns of fault conditions. 
These buffers are built with National’s new VIPtm (Vertically 
Integrated PNP) process which provides fast PNP transis- 
tors that are true compliments to the already fast NPN de- 
vices. This advanced junction-isolated process delivers 
high-speed performance without the need for complex and 
expensive dielectric isolation. 


Features 

■ High slew rate (into 50fi) 800 Vjuls 

■ Wide bandwidth (into 50fl) 50 MHz 

■ Peak output current +300 mA 

■ High input impedance 5 Mft 


B No oscillations with capactive loads 
a Current and thermal limiting 
b Electronic shutdown 
m Bi-state output 
b Error flag warns of faults 
B Slew rate 100% tested 


Simplified Schematic 



Pin Configurations 

LM6225N, LM6325N 



LM6125H 

N/C 



Numbers in ( ) are for 14 pin N DIP. 


TL/H/9222-2 


Order Number LM6125H, LM6225N or LM6325N 
See NS Package Number H08A or N14A 
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Voltage Comparators 
Definition of Terms 


Input Bias Current: The average of the two input currents. 
Input Offset Current: The absolute value of the difference 
between the two input currents for which the output will be 
driven higher than or lower than specified voltages. 

Input Offset Voltage: The absolute value of the voltage 
between the input terminals required to make the output 
voltage greater than or less than specified voltages. 

Input Voltage Range: The range of voltage on the input 
terminals (common-mode) over which the offset specifica- 
tions apply. 

Logic Threshold Voltage: The voltage at the output of the 
comparator at which the loading logic circuitry changes its 
digital state. 

Negative Output Level: The negative DC output voltage 
with the comparator saturated by a differential input equal to 
or greater than a specified voltage. 

Output Leakage Current: The current into the output termi- 
nal with the output voltage within a given range and the 
input drive equal to or greater than a given value. 

Output Resistance: The resistance seen looking into the 
output terminal with the DC output level at the logic thresh- 
old voltage. 

Output Sink Current: The maximum negative current that 
can be delivered by the comparator. 

Positive Output Level: The high output voltage level with a 
given load and the input drive equal to or greater than a 
specified value. 

Power Consumption: The power required to operate the 
comparator with no output load. The power will vary with 
signal level, but is specified as a maximum for the entire 
range of input signal conditions. 


Response Time: The interval between the application of an 
input step function and the time when the output crosses 
the logic threshold voltage. The input step drives the com- 
parator from some initial, saturated input voltage to an input 
level just barely in excess of that required to bring the output 
from saturation to the logic threshold voltage. This excess is 
referred to as the voltage overdrive. 

Saturation Voltage: The low-output voltage level with the 
input drive equal to or greater than a specified value. 
Strobe Current: The current out of the strobe terminal 
when it is at the zero logic level. 

Strobe Output Level: The DC output voltage, independent 
of input conditions, with the voltage on the strobe terminal 
equal to or less than the specified low state. 

Strobe “ON” Voltage: The maximum voltage on either 
strobe terminal required to force the output to the specified 
high state independent of the input voltage. 

Strobe “OFF” Voltage: The minimum voltage on the strobe 
terminal that will guarantee that it does not interfere with the 
operation of the comparator. 

Strobe Release Time: The time required for the output to 
rise to the logic threshold voltage after the strobe terminal 
has been driven from zero to the one logic level. 

Supply Current: The current required from the positive or 
negative supply to operate the comparator with no output 
load. The power will vary with input voltage, but is specified 
as a maximum for the entire range of input voltage condi- 
tions. 

Voltage Gain: The ratio of the change in output voltage to 
the change in voltage between the input terminals produc- 
ing it. 
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Voltage Comparators Selection Guide 
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Voltage Comparators Selection Guide 



Response 
Time (Typ) 
ns 

Vos 

mV(Max) 

is 

mA(Max) 

Ib 

nA(Max) 

Comments 

T a = 25°C (Notes 1 and 2) 


12 


25 

30,000 

High Speed w/Strobes 


16 


32 

20,000 

High Speed, Complementary Outputs 

LM306 

40 

5 

10 


High Speed, High Drive 

LM319 

80 

8 

12.5 


High Speed Dual 

LF311 

200 

10 

7.5 


FET Input 


200 

10 

7.5 

300 

General Purpose Single 


1300 

5 

2 

400 

General Purpose Quad 


1300 

10 

1 

400 

One Comparator Plus One Op Amp 

LM393 

1300 



1 '" 1 

General Purpose Dual 

LM2903 

1300 



■ 

Automotive Dual 

LM2901 

1300 



■ ■ 

Automotive Quad 


4000 

9 

0.30 

200 

Programmable Quad 

■ 

4000 

10 

0.3 

150 

Low Power Single 

LP339 

5000 

9 

0.1 

40 

Low Power Quad 


’Not Specified 

Note 1: Datasheet should be referred to for test conditions and more detailed information. 

Note 2: This selection guide should be used to select for Response Time required. Industrial and Military Temperature Range types are available. The DC specs 
are for the lowest Commercial Grade available. 
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LF111/LF211/LF311 Voltage Comparators 

General Description 

The LF111, LF211 and LF311 are FET input voltage com- 
parators that virtually eliminate input current errors. De- 
signed to operate over a 5.0V to ±15V range the LF111 
can be used in the most critical applications. 

The extremely low input currents of the LF1 1 1 allows the 
use of a simple comparator in applications usually requiring 
input current buffering. Leakage testing, long time delay cir- 
cuits, charge measurements, and high source impedance 
voltage comparisons are easily done. 


Further, the LF1 1 1 can be used in place of the LM1 1 1 elimi- 
nating errors due to input currents. See the “application 
hints” of the LM311 for application help. 

Features 

■ Eliminates input current errors 

■ Interchangeable with LM111 

■ No need for input current buffering 



Schematic Diagram 



Connection Diagram 


Metal Can Package 


v 4 



Order Number LF111H, LF211H or LF311H 
See NS Package Number H08C 
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LF1 1 1/LF21 1/LF31 1 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, LF111/LF211 

contact the National Semiconductor Sales Office/ Operating Temp. 

Distributors for availability and specifications. Range 

( Note 8 ) LF1 1 1 - 55°C to + 1 25°C 

LF111/LF211 LF311 LF211 -25°C to + 85“C 

Total Supply Voltage (Vq 4 ) 36V 36V LF311 

Output to Negative Supply ^ _ 

Voltage (V 74 ) 50V 40V Storage Temp. 

Ground to Negative Supply Range 65 C to + 1 50 C 

Voltage (V 14 ) 30V 30V Lead Temp. 

Differential Input Voltage ± 30V ± 30V (Soldering, 

Input Voltage (Note 1) ±15V ±15V 10 seconds) 300°C 

Power Dissipation (Note 2) 500 mW 500 mW ESD rating to be determined. 

Output Short Circuit Duration 1 0 seconds 1 0 seconds 

LF311 

0°C to +70°C 

— 65°C to + 1 50°C 

300°C 

Electrical Characteristics (LFiii/LF2ii)(Note3) 





Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage (Note 4) 

T a =25°C, R s ^ 50k 


0.7 

4.0 

mV 

Input Offset Current (Note 4) 

T A =25°C, V C m = 0 (Note 6) 


5.0 

25 

pA 

Input Bias Current 

T a =25°C, V C m = 0 (Note 6) 


20 

50 

pA 

Voltage Gain 

T a =25°C 

40 

200 


V/mV 

Response Time (Note 5) 

T a =25°C 


200 


ns 

Saturation Voltage 

V|n^ -5.0 mV, loUT = 50 mA » T a =25°C 


0.75 

1.5 

V 

Strobe On Current 

T a =25°C 


3.0 


mA 

Output Leakage Current 

V, n <; 5.0 mV, V 0 ut=35V, T a =25°C 


0.2 

10 

nA 

Input Offset Voltage (Note 4) 

R s ^ 50k 



6.0 


Input Offset Current (Note 4) 

V s = ± 1 5 V, Vqm = 0 (Note 6) 


2.0 

3.0 

nA 

Input Bias Current 

V S =±15V, V C m = 0 (Note 6) 


5.0 

7.0 

nA 

Input Voltage Range 


-13.5 

±14 

13.0 

V 

Saturation Voltage 

V+^4.5V, V“ = 0 

V|n<I —6.0 mV, Isink^ 8*0 mA 


0.23 

0.4 

V 

Output Leakage Current 

V| N ^5.0 mV, V 0 ut = 35V 


0.1 

0.5 

juA 

Positive Supply Current 

T a = 25°C 


5.1 

6.0 

mA 

Negative Supply Current 

T a = 25°C 


4.1 

5.0 

mA 

Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to the 
negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LF111 is +150°C, the LF211 is + 110°C and the LF311 is +85°C. For operating at elevated temperatures, 
devices in the TO-5 package must be derated based on a thermal resistance of + 74°C/W junction to ambient (in 400 linear feet/min air flow), + 225°C/W junction 
to ambient (in static air), or +23°C/W junction to case. 

Note 3: These specifications apply for V$= ±15V, and the Ground pin at ground, and-55°C^TA^ + 125°C for the LF111, unless otherwise stated. With the 

LF21 1 , however, all temperature specifications are limited to -25 °C^Ta £ ± 85°C and for the LF31 1 0 °C^Ta^ + 70°C. The offset voltage, offset current and bias 
current specifications apply for any supply voltage from a single 5.0V supply up to ±1 5V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1.0 mA load. Thus, 
these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

Note 5: The response time specified (see definitions) is for a 1 00 mV input step with 5.0 mV overdrive. 

Note 6: For input voltages greater than 15V above the negative supply the bias and offset currents will increase — see typical performance curves. 

Note 7: Do not short the strobe pin to ground; it should be current driven at 3 to 5 mA. 

Note 8: Refer to RETSF1 1 1X for LF1 1 1 H military specifications. 
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Electrical Characteristics <LF3ii)(Note3) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage (Note 4) 

T a = 25°C, R s ^50k 


2.0 

10 

mV 

Input Offset Current (Note 4) 

T a = 25°C, V C M = 0(Note 6) 


5.0 

75 

pA 

Input Bias Current 

T a = 25°C, V C m = 0 (Note 6) 


25 

150 

pA 

Voltage Gain 

T a =25°C 


200 


V/mV 

Response Time (Note 5) 

T a = 25°C 


200 


ns 

Saturation Voltage 

V|n^ —10 mV, loUT = mA, T a =25°C 


0.75 

1.5 

V 

Strobe On Current 

T a = 25°C 


3.0 


mA 

Output Leakage Current 

V| N ;> 1 0mV, Vqut = 35V, T a = 25°C 


0.2 

10 

nA 

Input Offset Voltage (Note 4) 

R s ^50k 



15 

mV 

Input Offset Current (Note 4) 

V s = ± 1 5V, V C m = 0 (Note 6) 


1.0 


nA 

Input Bias Current 

V S = 15V, V CM = 0 (Note 6) 


3.0 


nA 

Input Voltage Range 



+ 14 

-13.5 


V 

V 

Saturation Voltage 

V+^4.5V,V- = 0 

V|n^ —10 mV, Isink^S.O mA 


0.23 

0.4 

V 

Positive Supply Current 

T a = 25°C 


5.1 

7.5 

mA 

Negative Supply Current 

T a = 25°C 


4.1 

5.0 

mA 


Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to the 
negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LF111 is +150°C, the LF211 is +110°C and the LF311 is +85°C. For operating at elevated temperatures, 
devices in the TO-5 package must be derated based on a thermal resistance of +150°C/W, junction to ambient, or +45°C/W, junction to case. 

Note 3: These specifications apply for Vs= ±15V and -55°C^Ta^ + 125°C for the LF111, unless otherwise stated. With the LF211, however, all temperature 
specifications are limited to -25 °C^Ta^ + 85°C and for the LF311 0 °C^Ta^ + 70°C. The offset voltage, offset current and bias current specifications apply for 
any supply voltage from a single 5.0 mV supply up to ± 15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1 .0 mA load. Thus, 
these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

Note 5: The response time specified (see definitions) is for a 100 mV input step with 5.0 mV overdrive. 

Note 6: For input voltages greater than 15V above the negative supply the bias and offset currents will increase — see typical performance curves. 

Note 7: Do not short the strobe pin to ground; it should be current driven at 3 to 5 mA. 


Auxiliary Circuits 

Offset Balancing Strobing 



3 0k 



Increasing Input 
Stage Current* 



"Increases typical common 
mode slew from 7.0V/p,s to 
18V/ jus 
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SHORT CIRCUIT CURRENT (mA) INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) INPUT BIAS CURRENT (pA) 


Typical Performance Characteristics 

Input Bias Current Input Bias Current 

vs Common Mode vs Temperature 


V" 4.0 8.0 12 16 20 24 28 

INPUT COMMON MODE VOLTAGE (V) 


1 ======== 

== ===== 


m 

1 

j 

RS 




52 

II 

| 


| 

III 

III 

5 

B 555 

5 

s == 


is 

IS 

w:m 


■1 

Wtk 


-55 -35 -15 5.0 25 45 65 85 105 125 
TEMPERATURE (°C) 


Transfer Function 


NORMAL OUTPUT 
R l » 1.0k 

V++ = sov 


-1.0 -0.5 0 0.5 1.0 

DIFFERENTIAL INPUT VOLTAGE (mV) 


Response Time for Various 
Input Overdrives 


WMffM 

mmum 

munm 

;m^lj 

wwm 



Response Time for Various 
Input Overdrives 


Output Saturation Voltage 


OUTPUT CURRENT (mA) 


Response Time for Various 
Input Overdrives 


Response Time for Various 
Input Overdrives 


Supply Current 


POSITIVE SUPPLY 
OUTPUT LOWT - 


POSITIVE AND 
-NEGATIVE SUPPLY- " 
..OUTPUT HIGH I 


I H* * 2! , . 

_l 1 L_j i I I 

1.0 2.0 3.0 4.0 


1.0 2.0 3.0 4.0 


-55 -35 -15 5.0 25 45 65 85 105 125 
TEMPERATURE (°C> 


Output Limiting Characteristics 


Supply Current 


Leakage Currents 


POSITIVE SUPPLY 
OUTPUT LOV^-^ 


H 

L 



'^POSITIV^AND^ 
NEGATIVE SUPPLY 
OUTPUT HIGH J 


OUTPUT VOLTAGE (V) 


SUPPLY VOLTAGE (V) 


TEMPERATURE (°C) 

TL/H/5703-4 









Typical Applications 


100 kHz Free Running Multivibrator 


Crystal Oscillator 


R1 V* = 5.0V R5 



SQUARE 

WAVE 

OUTPUT* 


TL/H/5703-7 


*TTL or DTL fanout of two. 



10 Hz to 10 kHz Voltage Controlled Oscillator 


ci 

1000 pFt 
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Typical Applications (Continued) 


Frequency Doubler 



Frequency range: 

Input— 5.0 kHz to 50 kHz 
Output— 10 kHz to 100 kHz 


Zero Crossing Detector Driving MOS Switch 


Zero Crossing Detector Driving MOS Logic 


INPUT — I 




Driving Ground-Referred Load 


INPUTS* 


Comparator and Solenoid Driver 



•Input polarity is reversed when using pin 1 as output. 
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Typical Applications (Continued) 


TTL Interface with High Level Logic 



•Values shown are for a 0 to 30V logic swing and a 15V threshold. IT TL/H/5703-21 

tMay be added to control speed and reduce susceptibility to noise spikes 


Using Clamp Diodes to Improve Response 



TL/H/5703-6 
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LM 1 06/LM206/LM306 


National 

Semiconductor 

Corporation 


LM106/LM206/LM306 Voltage Comparator 


General Description 

The LM106 series are high-speed voltage comparators de- 
signed to accurately detect low-level analog signals and 
drive a digital load. They are equivalent to an LM710, com- 
bined with a two input NAND gate and an output buffer. The 
circuits can drive RTL, DTL or TTL integrated circuits direct- 
ly. Furthermore, their outputs can switch voltages up to 24V 
at currents as high as 1 0 mA. 

The devices have short-circuit protection which limits the 
inrush current when it is used to drive incandescent lamps, 
in addition to preventing damage from accidental shorts to 
the positive supply. The speed is equivalent to that of an 
LM710. However, they are even faster where buffers and 
additional logic circuitry can be eliminated by the increased 
flexibility of the LM106 series. They can also be operated 
from any negative supply voltage between -3V and -12V 
with little effect on performance. 


The LM106 is specified for operation over the -55°C to 
+ 125°C military temperature range. The LM206 is specified 
for operation over the — 25°C to +85°C temperature range. 
The LM306 is specified for operation over 0°C to +70°C 
temperature range. 

Features 

■ Improved accuracy 

■ Fan-out of 1 0 with DTL or TTL 

■ Added logic or strobe capability 

■ Useful as a relay or lamp driver 

■ Plug-in replacement for the LM710 

■ 40 ns maximum response time 


Schematic and Connection Diagrams** 

STROBE 



Metal Can 



TL/H/7756-2 

Top View 

Note: Pin 4 connected to case. 


Order Number LM106H, 
LM206H or LM306H 
See NS Package Number H08A 
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Absolute Maximum Ratings 








If Military /Aerospace specified devices are required, Power Dissipation (Note 1) 



600 mW 

contact the National Semiconductor Sales Office/ Output Short Circuit Duration 


1 0 seconds 

Distributors for availability and specifications. 0perating Temperature Range 

TMIN 

Tmax 

' ' 

LM106 




— 55°C to + 125°C 

Positive Supply Voltage 

15V LM206 




— 25°C to +85°C 

Negative Supply Voltage 

-15V LM306 





0°Cto+70°C 

Output Voltage 

24V Storage Temperature Range 

— 65°Cto +150°C 

Output to Negative Supply Voltage 

30V Lead T emperature (Soldering, 1 0 sec.) 


300°C 

Differential Input Voltage 

± 5V ESD rating to be determined. 




Input Voltage 

±7 V 








Electrical Characteristics <Note 2 ) 








Parameter 

Conditions 

LM106/LM206 


LM306 


Units 






Min 

Typ 

Max 

Min 

Typ 

Max 




Input Offset Voltage 

(Note 3) 


0.5 

2.0 


1.6 

5.0 

mV 

Input Offset Current 

(Note 3) 


0.7 

3.0 


1.8 

5.0 

jaA 

Input Bias Current 



10 

20 


16 

25 

jaA 

Response Time 

R L = 3900 to 5V 

C L = 15 pF, (Note 4) 


28 

40 


28 

40 

ns 

Saturation Voltage 

V||\j <. —5 mV, louT = 100 mA 


1.0 

1.5 




V 


V|n ^ -7 mV, Iqut = 100 mA 





0.8 

2.0 

V 

Output Leakage Current 

V|n ;> 5 mV, 8V Vqut ^ 24V 


0.02 

1.0 




jaA 


V| N ;> 7 mV, 8V <; Vqut £ 24V 





0.02 

2.0 

|ulA 

THE FOLLOWING SPECIFICATIONS APPLY FOR T MIN ^ T A ^ T MA x (Note 5) 

Input Offset Voltage 

(Note 3) 



3.0 



6.5 

mV 

Average Temperature Coefficient of 
Input Offset Voltage 



3.0 

10 


5 

20 

jaV/°C 

Input Offset Current 

T L £ T A £ 25°C, (Note 3) 


1.8 

7.0 


2.4 


jllA 


25°C ^ T a ^ T h 


0.25 

3.0 




ju,A 

Average Temperature Coefficient of 

25°C ^ T a ^ T h 


5.0 

25 


15 

1 

nA/°C 

Input Offset Current 

T l <; T a <; 25°C 


15 

75 


24 

9 

nA/°C 

Input Bias Current 

T L ^ T A ^ 25°C 



45 


25 

40 

jllA 


25 -c <; t a ^ T H 



20 



25 

jjlA 

Input Voltage Range 

— 7V !> V” ^ -12V 

±5.0 



±5.0 



■ 

Differential Input Voltage Range 





±5.0 




Saturation Voltage 

V|n <; —5 mV, louT = 50 mA 
V| N ^ —8 mV For LM306 



1.0 



1.0 

V 

Saturation Voltage 

Vj|\| ^ — 5 mV, Iqut = 16 mA 

V iN £ —8 mV For LM306 



0.4 





Positive Output Level 

V|j\j 5 mV, loUT = — 400]aA 
V )N ^ 8 mV For LM306 

2.5 


5.5 

2.5 

■ 


1 

Output Leakage Current 

V| N :> 5 mV, 8V £ Vqut £ 24V 
V|m ^ 8 mV For LM306 

T L <; T A £ 25°C 



1.0 



2.0 

jaA 


25°C < T a ^ T h 



100 



100 

juA 

Strobe Current 

VsTROBE = 0.4V 


-1.7 

-3.2 


-1.7 

-3.2 

mA 
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Electrical Characteristics (Note z> (continued) 


Parameter 

Conditions 


LM306 








Strobe “ON” Voltage 


0.9 

1.4 


0.9 

1.4 



Strobe “OFF” Voltage 

•sink ^ 16 mA 


1.4 

2.2 


1.4 


V 

Positive Supply Current 

V| N = -5 mV 

V| N = —8 mV for LM306 



10 





Negative Supply Current 



-1.5 

-3.6 


-1.5 

-3.6 



Note 1: The maximum junction temperature of LM106 is 150°C, LM206 is 110°C, LM306 is 85°C. For operating at elevated temperatures, devices in the TO-5 
package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. 

Note 2: These specifications apply for -3V ^ V~ £ -12V, V+ = 12V and Ta = 25°C unless otherwise specified. All currents into device pins are considered 
positive. 

Note 3: The offset voltages and offset currents given are the maximum values required to drive the output down to 0.5V or up to 4.4V (0.5V or up to 4.8V for the 
LM306). Thus, these parameters actually define an error band and take into account the worst-case effects of voltage gain, specified supply voltage variations, and 
common mode voltage variations. 

Note 4: The response time specified (see definitions) is for a 1 00 mV input step with 5 mV overdrive. 

Note 5: All currents into device pins are considered positive. 

Note 6: Refer to RETS106X for LM106 military specifications. 

Typical Applications** 


Level Detector and Lamp Driver 

V + V++<2W 




TL/H/7756-5 


Relay Driver 



**Pin connections shown are for TO-5 package. 


Adjustable Threshold Line Receiver 
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Typical Performance Characteristics 


Transfer Function 



INPUT VOLTAGE (mV) 



Voltage Gain 



-75 -50 -25 0 +25 +50 +75 +100 '+125 

TEMPERATURE TO 


Saturation Voltage 



•- 

rr 

l L « 100mA 













r-n 

i/ + « + 

12V 






-3V > V" > 

-12 V 





V,N=* 

5 mV 



l L 

= 50 mA 




















- 

~ 


= 16mA 












— 


l L = 0mA 






1 1 


*** 

* 


-75 -50 -25 0 +75 +50 +75 +100 +125 

TEMPERATURE (“0 


Positive Output Level 



-75 -50 -25 0 +25 +50 +75 +1C0 +125 

TEMPERATURE (°C) 


Short Circuit Output Current 



-75 -50 -25 0 +25 +50 +75 +100+125+150 
JUNCTION TEMPERATURE <°C> 


Input Current 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE fC) 


Response Time for 
Various Input Overdrives 



0 20 40 GO 80 100 120 

TIME (ns) 


Response Time for 
Various Input Overdrives 



0 20 40 60 80 100 120 

TIME (ns) 


Positive Supply Current 



POSITIVE SUPPLY VOLTAGE (V) 


Negative Supply Current 



-3 -6 -9 -12 -15 

NEGATIVE SUPPLY VOLTAGE (V) 


Power Consumption 



TEMPERATURE {°0 


TL/H/7756-8 
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National 

Semiconductor 

Corporation 


LM111/LM211/LM311 Voltage Comparator 


General Description 

The LM111, LM211 and LM311 are voltage comparators 
that have input currents nearly a thousand times lower than 
devices like the LM106 or LM710. They are also designed 
to operate over a wider range of supply voltages: from stan- 
dard ± 15V op amp supplies down to the single 5V supply 
used for 1C logic. Their output is compatible with RTL, DTL 
and TTL as well as MOS circuits. Further, they can drive 
lamps or relays, switching voltages up to 50V at currents as 
high as 50 mA. 

Both the inputs and the outputs of the LM1 1 1 , LM21 1 or the 
LM31 1 can be isolated from system ground, and the output 
can drive loads referred to ground, the positive supply or the 
negative supply. Offset balancing and strobe capability are 
provided and outputs can be wire OR’ed. Although slower 
than the LM106 and LM710 (200 ns response time vs 


40 ns) the devices are also much less prone to spurious 
oscillations. The LM111 has the same pin configuration as 
the LM106 and LM710. 

The LM211 is identical to the LM111, except that its per- 
formance is specified over a -25°C to -F85°C temperature 
range instead of -55°C to + 125°C. The LM31 1 has a tem- 
perature range of 0°C to + 70°C. 

Features 

■ Operates from single 5V supply 

■ Input current: 150 nA max. over temperature 

■ Offset current: 20 nA max. over temperature 

■ Differential input voltage range: ±30V 

■ Power consumption: 135 mW at ±15V 


Typical Applications** 


Offset Balancing 



Strobing 


**Note: Pin connections shown on schematic diagram 
and typical applications are for TO-5 package. 



Increasing Input Stage Current* 



* Increases typical common 
mode slew from 7.0V/jlis 
to 18V/jits. 




Relay Driver with Strobe 



Strobing off Both Input* and Output Stages 


FROM D/A NETWORK 



TL/H/5704-1 
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Absolute Maximum Ratings fortheLMin/LM 2 ii 


If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


(Note 7) 

Total Supply Voltage (V 84 ) 36V 

Output to Negative Supply Voltage (V 74 ) 50V 

Ground to Negative Supply Voltage (Vi 4 ) 30V 

Differential Input Voltage ± 30V 

Input Voltage (Note 1) +15V 

Power Dissipation (Note 2) 500 mW 

Output Short Circuit Duration 1 0 sec 


Operating Temperature Range LM1 1 1 -55°C to 125°C 

LM 211 — 25°C to 85°C 

Storage T emperature Range - 65°C to 1 50°C 

Lead T emperature (Soldering, 1 0 sec) 260°C 

Voltage at Strobe Pin V + - 5V 

Soldering Information 
Dual-In-Line Package 

Soldering (10 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 215°C 

Infrared (15 seconds) 220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD rating to be determined. 


Electrical Characteristics fortheLMin andLM 2 ii (Note 3 ) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage (Note 4) 

T A =25°C, R s ^50k 


0.7 

3.0 

mV 

Input Offset Current (Note 4) 

T A = 25°C 


4.0 

10 

nA 

Input Bias Current 

T a = 25°C 


60 

100 

nA 

Voltage Gain 

T a = 25°C 

40 

200 


V/mV 

Response Time (Note 5) 

T a = 25°C 


200 


ns 

Saturation Voltage 

V|n<[ —5 mV, louT^^O mA 

T a = 25°C 


0.75 

1.5 

V 

Strobe ON Current (Note 6 ) 

T a = 25°C 

2.0 

3.0 

5.0 

mA 

Output Leakage Current 

V| N ^5mV, Vqut=35V 

T a = 25°C, lsTROBE = 3 mA 


0.2 

10 

nA 

Input Offset Voltage (Note 4) 

R S ^50k 



4.0 

mV 

Input Offset Current (Note 4) 




20 

nA 

Input Bias Current 




150 

nA 

Input Voltage Range 

V+=15V, V- = — 15V, Pin 7 
Pull-Up May Go To 5V 

-14.5 

13.8,-14.7 

13.0 

V 

Saturation Voltage 

V+^4.5V, V-=0 

V|N^ — 6 mV, IsiNK^S mA 


0.23 

0.4 

V 

Output Leakage Current 

V| N ;>5mV,Vo UT =35V 


0.1 

0.5 

juA 

Positive Supply Current 

T a = 25°C 


5.1 

6.0 

mA 

Negative Supply Current 

T a = 25°C 


4.1 

5.0 

mA 


Note 1: This rating applies for ±15 supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to the 
negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LM1 1 1 is 150°C, while that of the LM21 1 is 1 10°C. For operating at elevated temperatures, devices in the TO-5 
package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. The thermal resistance of the dual-in-line 
package is 110 o C/W, junction to ambient. 

Note 3: These specifications apply for Vs= ±15V and Ground pin at ground, and -55°C^Ta^ + 125°C, unless otherwise stated. With the LM21 1, however, all 
temperature specifications are limited to -25 °C^Ta£ +85°C. The offset voltage, offset current and bias current specifications apply for any supply voltage from a 
single 5V supply up to ±15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1 mA load. Thus, 
these parameters define an error band and take into account the worst-case effects of voltage gain and input impedance. 

Note 5: The response time specified (see definitions) is for a 1 00 mV input step with 5 mV overdrive. 

Note 6: Do not short the strobe pin to ground; it should be current driven at 3 to 5 mA. 

Note 7: Refer to RETS111X for the LM111H, LM111J and LM111J-8 military specifications. 
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LM1 1 1/LM21 1/LM31 1 


Absolute Maximum 1 

If Military/ Aerospace specifiec 
contact the National Semicc 
Distributors for availability and 

Total Supply Voltage (V 84 ) 

Output to Negative Supply Voltage 
Ground to Negative Supply Voltag 
Differential Input Voltage 

Input Voltage (Note 1) 

Power Dissipation (Note 2) 

Electrical Character 

Ratings for the lmsh 

i devices are required, Output Short Circuit Duration 10 sec 

nductor Sales Office/ Operating Temperature Range 0°to70°C 

specifications. Storage Temperature Range -65°C to 1 50°C 

36V Lead Temperature (soldering, 10 sec) 260°C 

40 V Voltage at Strobe Pin V+-5V 

e ^ 14 ^ Soldering Information 

±3 °V Dual-ln-Line Package 

+ 1 5V Soldering ( 1 0 seconds) 260°C 

500 mW Small Outline Package 

Vapor Phase (60 seconds) 215°C 

Infrared (15 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

StiCS for the LM311 (Note 3) 

Parameter 

Conditions 

Min 

Typ 



Input Offset Voltage (Note 4) 

T a = 25°C, R s <:50k 


2.0 

7.5 


Input Offset Current (Note 4) 

T a =25°C 


6.0 

50 

nA 

Input Bias Current 

T a =25°C 


100 

250 

nA 

Voltage Gain 

T a =25°C 

40 

200 


V/mV 

Response Time (Note 5) 

T a =25°C 


200 


ns 

Saturation Voltage 

V|n ^ — 10 mV, Iout = 33 mA 
T a =25°C 


0.75 

1.5 

V 

Strobe ON Current 

T a =25°C 

1.5 

3.0 


mA 

Output Leakage Current 

V| N ^10mV, V 0 UT=35V 

T A = 25°C, lsTROBE = 3 mA 

V- = Vqrnd = -5V 


0.2 

50 

nA 

Input Offset Voltage (Note 4) 

R S <:50K 



10 

mV 

Input Offset Current (Note 4) 




70 

nA 

Input Bias Current 




300 

nA 

Input Voltage Range 


-14.5 

13.8,-14.7 

13.0 

V 

Saturation Voltage 

V+^4.5V, V~ = 0 

V|n<; —10 mV, Isink^S mA 


0.23 

0.4 

V 

Positive Supply Current 

T a = 25°C 


5.1 

7.5 

mA 

Negative Supply Current 

T a =25°C 


4.1 

5.0 

mA 

Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to the 
negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LM31 1 is 1 10°C. For operating at elevated temperature, devices in the TO-5 package must be derated based on 
a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. The thermal resistance of the dual-in-line package is 100°C/W, junction to 
ambient. 

Note 3: These specifications apply for Vs= ±15V and the Ground pin at ground, and 0°C < Ta < +70°C, unless otherwise specified. The offset voltage, offset 
current and bias current specifications apply for any supply voltage from a single 5V supply up to ±15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with 1 mA load. Thus, these 
parameters define an error band and take into account the worst-case effects of voltage gain and input impedance. 

Note 5: The response time specified (see definitions) is for a 1 00 mV input step with 5 mV overdrive. 

Note 6: Do not short the strobe pin to ground; it should be current driven at 3 to 5 mA. 
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LM111/LM211 Typical Performance Characteristics 
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Input Characteristics 
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LM111/LM211 Typical Performance Characteristics (Continued) 
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LM311 Typical Performance Characteristics 
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Application Hints 

CIRCUIT TECHNIQUES FOR AVOIDING 
OSCILLATIONS IN COMPARATOR APPLICATIONS 

When a high-speed comparator such as the LM1 1 1 is used 
with fast input signals and low source impedances, the out- 
put response will normally be fast and stable, assuming that 
the power supplies have been bypassed (with 0.1 juF disc 
capacitors), and that the output signal is routed well away 
from the inputs (pins 2 and 3) and also away from pins 5 and 
6 . 

However, when the input signal is a voltage ramp or a slow 
sine wave, or if the signal source impedance is high (1 kfl to 
100 ka), the comparator may burst into oscillation near the 
crossing-point. This is due to the high gain and wide band- 
width of comparators like the LM1 1 1. To avoid oscillation or 
instability in such a usage, several precautions are recom- 
mended, as shown in Figure 1 below. 

1 . The trim pins (pins 5 and 6) act as unwanted auxiliary 
inputs. If these pins are not connected to a trim-pot, they 
should be shorted together. If they are connected to a 
trim-pot, a 0.01 jutA capacitor Cl between pins 5 and 6 
will minimize the susceptibility to AC coupling. A smaller 
capacitor is used if pin 5 is used for positive feedback as 
in Figure 1. 

2. Certain sources will produce a cleaner comparator output 
waveform if a 1 00 pF to 1 000 pF capacitor C2 is connect- 
ed directly across the input pins. 

3. When the signal source is applied through a resistive net- 
work, Rs, it is usually advantageous to choose an Rs' of 
substantially the same value, both for DC and for dynamic 
(AC) considerations. Carbon, tin-oxide, and metal-film re- 
sistors have all been used successfully in comparator in- 
put circuitry. Inductive wirewound resistors are not suit- 
able. 


4. When comparator circuits use input resistors (eg. sum- 
ming resistors), their value and placement are particularly 
important. In all cases the body of the resistor should be 
close to the device or socket. In other words there should 
be very little lead length or printed-circuit foil run between 
comparator and resistor to radiate or pick up signals. The 
same applies to capacitors, pots, etc. For example, if 
Rs = 1 0 kft, as little as 5 inches of lead between the re- 
sistors and the input pins can result in oscillations that are 
very hard to damp. Twisting these input leads tightly is 
the only (second best) alternative to placing resistors 
close to the comparator. 

5. Since feedback to almost any pin of a comparator can 
result in oscillation, the printed-circuit layout should be 
engineered thoughtfully. Preferably there should be a 
groundplane under the LM111 circuitry, for example, one 
side of a double-layer circuit card. Ground foil (or, positive 
supply or negative supply foil) should extend between the 
output and the inputs, to act as a guard. The foil connec- 
tions for the inputs should be as small and compact as 
possible, and should be essentially surrounded by ground 
foil on all sides, to guard against capacitive coupling from 
any high-level signals (such as the output). If pins 5 and 6 
are not used, they should be shorted together. If they are 
connected to a trim-pot, the trim-pot should be located, at 
most, a few inches away from the LM111, and the 0.01 
jaF capacitor should be installed. If this capacitor cannot 
be used, a shielding printed-circuit foil may be advisable 
between pins 6 and 7. The power supply bypass capaci- 
tors should be located within a couple inches of the 
LM111. (Some other comparators require the power-sup- 
ply bypass to be located immediately adjacent to the 
comparator.) 



TL/H/5704-29 

Pin connections shown are for LM1 1 1 H in 8-lead TO-5 hermetic package 

FIGURE 1. Improved Positive Feedback 
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Application Hints (Continued) 

6. It is a standard procedure to use hysteresis (positive 
feedback) around a comparator, to prevent oscillation, 
and to avoid excessive noise on the output because the 
comparator is a good amplifier for its own noise. In the 
circuit of Figure 2 , the feedback from the output to the 
positive input will cause about 3 mV of hysteresis. How- 
ever, if Rs is larger than 100n, such as 50 kft, it would 
not be reasonable to simply increase the value of the 
positive feedback resistor above 510 kft. the circuit of 
Figure 3 could be used, but it is rather awkward. See the 
notes in paragraph 7 below. 

7. When both inputs of the LM111 are connected to active 
signals, or if a high-impedance signal is driving the posi- 
tive input of the LM111 so that positive feedback would 
be disruptive, the circuit of Figure 1 is ideal. The positive 


feedback is to pin 5 (one of the offset adjustment pins). It 
is sufficient to cause 1 to 2 mV hysteresis and sharp 
transitions with input triangle waves from a few Hz to 
hundreds of kHz. The positive-feedback signal across 
the 82ft resistor swings 240 mV below the positive sup- 
ply. This signal is centered around the nominal voltage at 
pin 5, so this feedback does not add to the Vos of the 
comparator. As much as 8 mV of Vos can be trimmed 
out, using the 5 kft pot and 3 kft resistor as shown. 

8. These application notes apply specifically to the LM111, 
LM211, LM311, and LF111 families of comparators, and 
are applicable to all high-speed comparators in general, 
(with the exception that not all comparators have trim 
pins). 



TL/H/5704-30 

Pin connections shown are for LM1 1 1 H in 8-lead TO-5 hermetic package 

FIGURE 2. Conventional Positive Feedback 



TL/H/5704-31 

FIGURE 3. Positive Feedback with High Source Resistance 
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Typical Applications (Continued) (Pin numbers refer to TO-5 package) 

TTL Interface with High Level Logic 



•Values shown are for 
a 0 to 30V logic swing 
and a 15V threshold. 
tMay be added to control 
speed and reduce 
susceptibility to noise spikes. 

TL/H/5704-18 


Crystal Oscillator 

V + = 5V 


Comparator and Solenoid Driver 




TL/H/5704-20 


TL/H/5704-19 


Precision Squarer 

V + = 5.0V 


Low Voltage Adjustable Reference Supply 

R1 V + = 5.0V R4 



•Solid tantalum 
t Adjust to set clamp level 


TL/H/5704-21 





LM1 1 1/LM21 1/LM31 1 









Typical Applications (Continued) (Pin numbers refer to TO-5 package) 


Switching Power Amplifier 



TL/H/5704-27 

Switching Power Amplifier 
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LM1 1 1/LM21 1/LM31 1 



LM1 11/LM21 1/LM31 1 


Schematic Diagram 


BALANCE/STROBE BALANCE 



Connection Diagrams* 


Metal Can Package 

v + 



TOP VIEW 

NOTE: Pin 4 connected to cite. 


Dual-In-Line Package 



8 V* 

7 OUTPUT 

6 BALANCE/ 
STROBE 

5 BALANCE 


Order Number LM111H, 
LM211H or LM311H 
See NS Package Number H08C 


Order Number LM111J-8, LM211J-8, 
LM311J-8, LM311M or LM311N 
See NS Package Number J08A, 
M08A or N08E 


Dual-ln-Line Package 


NC 

GND 

INPUT 

INPUT 

NC 

v- 

BALANCE 



NC 

NC 

NC 

V + 

NC 

OUTPUT 

BALANCE/ 

STROBE 


TL/H/5704-6 

Order Number LM111J, LM211J, 
LM311J or LM311N-14 


See NS Number Package 
J14A or N14A 


*Pin connections shown on schematic diagram are for TO-5 package. 
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National 

Semiconductor 

Corporation 


LM1 19/LM219/LM319 High Speed Dual Comparator 


General Description 

The LM119 series are precision high speed dual compara- 
tors fabricated on a single monolithic chip. They are de- 
signed to operate over a wide range of supply voltages 
down to a single 5V logic supply and ground. Further, they 
have higher gain and lower input currents than devices like 
the LM710. The uncommitted collector of the output stage 
makes the LM119 compatible with RTL, DTL and TTL as 
well as capable of driving lamps and relays at currents up to 
25 mA. 

Features 

m Two independent comparators 

□ Operates from a single 5V supply 

□ Typically 80 ns response time at ± 1 5V 


a Minimum fan-out of 2 each side 
n Maximum input current of 1 jliA over temperature 
■ Inputs and outputs can be isolated from system ground 
a High common mode slew rate 

Although designed primarily for applications requiring opera- 
tion from digital logic supplies, the LM119 series are fully 
specified for power supplies up to ±1 5V. It features faster 
response than the LM111 at the expense of higher power 
dissipation. However, the high speed, wide operating volt- 
age range and low package count make the LM119 much 
more versatile than older devices like the LM711. 

The LM119 is specified from — 55°C to +125°C, the LM219 
is specified from -25°C to +85°C, and the LM319 is speci- 
fied from 0°C to + 70°C. 


Connection Diagrams 

Dual-ln-Line-Package 


1 

2 

GND 1 3 

♦INPUT 1 4 
-INPUT 1 5 
V- 6 
OUTPUT 2 7 



Top View 

Order Number LM119J, LM219J, 
LM319J, LM319M or LM319N 
See NS Package Number J14A, M14A or N14A 

Metal Can Package 



Top View 

Order Number LM119H 
or LM319H 

See NS Package Number H10C 


Typical Applications* 

Relay Driver 



* Pinout is for metal can package. 


Window Detector 
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LM1 19/LM219/LM319 


Absolute Maximum Ratings LMiig/ 2 ig 

If Military/ Aerospace specified devices are required, Power Dissipation (Note 2) 500 mW 

contact the National Semiconductor Sales Office/ Output Short Circuit Duration 10 sec 

SoW)* 0 " 8 f ° r aVailabmty and s P eci,ica,ions ' Operating Temperature Range LM1 19 -55“C to 125°C 

Total Supply Voltage 36V LM219 25 C to 85 C 

Output to Negative Supply Voltage 36V Storage Temperature Range -65‘Cto150‘C 

Ground to Negative Supply Voltage 25V Lead Temperature (Soldering, 10 sec) 260»C 

Ground to Positive Supply Voltage 18V S ^al' r In.Lin 0 e r Package 

Differential Input Voltage ±5V Soldering (10 seconds) 260”C 

Input Voltage (Note 1) ± 1 5V Small Outline Package 

ESD rating to be determined. Vapor Phase (60 seconds) 215°C 

Infrared (1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

Electrical Characteristics (Note 3) LM 119 /LM 219 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage (Note 4) 

T a = 25°C, R s ^ 5k 


0.7 

4.0 

mV 

Input Offset Current (Note 4) 

T a = 25°C 


30 

75 

nA 

Input Bias Current 

T a = 25° C 


150 

500 

HK9H 

Voltage Gain 

T a = 25°C (Note 6) 

10 

40 



Response Time (Note 5) 

T a = 25°C,V S = + 15V 


80 


ns 

Saturation Voltage 

V||sj ^ —5 mV, Iout = 25 mA 

T a = 25°C 


0.75 

1.5 

V 

Output Leakage Current 

V| N ^ 5 mV, Vqut = 35V 

T a = 25°C 


0.2 

2 

jxA 

Input Offset Voltage (Note 4) 

R s ^ 5k 



7 

mV 

Input Offset Current (Note 4) 




100 

nA 

Input Bias Current 




1000 

nA 

Input Voltage Range 

V s = ± 15V 

V+ = 5V, V- = 0 

-12 

1 

±13 

+ 12 

3 

V 

V 

Saturation Voltage 

V+ ^ 4.5V, V- = 0 

V|n ^ — 6 mV, IsiNK ^ 3.2 mA 

Ta ^ o°c 
t a <; o°c 


0.23 

0.4 

0.6 

V 

V 

Output Leakage Current 

V| N :> 5 mV, Vout = 35V, 

v- = v GN d = ov 


1 

10 

julA 

Differential Input Voltage 




±5 

V 

Positive Supply Current 

T a = 25“C,V+ = 5V,V- = 0 


4.3 


mA 

Positive Supply Current 

T a = 25°C, V s = ± 15V 


8 

11.5 

mA 

Negative Supply Current 

T a = 25°C, V s = ±15V 


3 

4.5 

mA 

Note 1: For supply voltages less than ±15V the absolute maximum input voltage is equal to the supply voltage. 

Note 2: The maximum junction temperature of the LM119 is 150°C, while that of the LM219 is 1 10°C. For operating at elevated temperatures, devices in the TO-5 
package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. The thermal resistance of the dual-in-line 
package is 100°C/W, junction to ambient. 

Note 3: These specifications apply for Vs = ±15V, and the Ground pin at ground, and -55°C £ Ta ^ -M25°C, unless otherwise stated. With the LM219, 
however, all temperature specifications are limited to -25°C ^ Ta ^ + 85°C. The offset voltage, offset current and bias current specifications apply for any supply 
voltage from a single 5V supply up to ±15V supplies. Do not operate the device with more than 16V from ground to V§. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1 mA load. Thus, 
these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

Note 5: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 

Note 6: Output is pulled up to 15V through a 1.4 kft resistor. 

Note 7: Refer to RETS119X for LM119H/883, LM119H-MIL, LM119J/883 and LM119J-MIL specifications. 
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Absolute Maximum Ratings LM 319 

If Military/ Aerospace specified devices are required, Operating Temperature Range LM31 9 0°Cto70°C 

contact the National Semiconductor Sales Office/ Storage Temperature Range — 65°Cto150°C 

Distributors for availability and specifications. Lead Temperature (So | dering , 10 sec .) 260»C 

Total Supply Voltage 36V soldering Information 

Output to Negative Supply Voltage 36V Dual-In-Line Package 

Ground to Negative Supply Voltage 25V Soldering (10 sec.) 260°C 

Ground to Positive Supply Voltage 1 8V Small Outline Package 

Differential Input Voltage ± 5V )^ por (60 * sec) 

K y Infrared (15 sec.) 220°C 

Input Voltage (Note 1) ±15V see AN _ 45 g “Surface Mounting Methods and Their Effect 

Power Dissipation (Note 2) 500 mW on p roc j uc t Reliability” for other methods of soldering sur- 

Output Short Circuit Duration 1 0 sec face mount devices. 

ESD rating to be determined. 

Electrical Characteristics (Note 3) LM 319 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage (Note 4) 

T a = 25°C, R s ^ 5k 


2.0 

8.0 

mV 

Input Offset Current (Note 4) 

T a = 25°C 


80 

200 

nA 

Input Bias Current 

T a = 25° C 


250 

1000 

nA 

Voltage Gain 

T a = 25°C (Note 6) 

8 

40 


V/ mV 

Response Time (Note 5) 

T a = 25°C, V s = ± 15V 


80 


ns 

Saturation Voltage 

V|n ^ — 10 mV, Iout = 25 mA 

T a = 25°C 


0.75 

1.5 

V 

Output Leakage Current 

V|n ;> 10 mV, Vqut = 35V, 

V- = V GND = ov, T a = 25°C 


0.2 

10 

jmA 

Input Offset Voltage (Note 4) 

R s ^ 5k 



10 

mV 

Input Offset Current (Note 4) 




300 

nA 

Input Bias Current 

" 



1200 


Input Voltage Range 

V S = ± 15V 

V+ = 5V, V- = 0 

1 


3 

■a 

Saturation Voltage 

V+ ^ 4.5V, V- = 0 

Vin ^ -10 mV, Isink ^ 3.2 mA 


0.3 

0.4 

V 

Differential Input Voltage 




±5 

V 

Positive Supply Current 

T a = 25°C, V+ = 5V, V- = 0 





Positive Supply Current 

T a = 25°C, V s = ± 15V 


8 

12.5 


Negative Supply Current 

T a = 25°C,V S = ±15V 


3 

5 

mA 

Note 1: For supply voltages less than ±15 the absolute maximum input voltage is equal to the supply voltage. 

Note 2: The maximum junction temperature of the LM319 is 85°C. For operating at elevated temperatures, devices in the TO-5 package must be derated based on 
a thermal resistance of 150°C/W, junction to ambient, or 45 4 C/W, junction to case. The thermal resistance of the dual-in-line package is 100°C/W, junction to 
ambient. 

Note 3: These specifications apply for Vs = ±15V, and 0°C ^ Ta ^ 70°C, unless otherwise stated. The offset voltage, offset current and bias current 
specifications apply for any supply voltage from a single 5V supply up to ±15V supplies. Do not operate the device with more than 16V from ground to Vs- 
Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1 mA load. Thus, 

these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

Note 5: The response time specified is for a 100 mV input step with 5 mV overdrive. 

Note 6: Output is pulled up to 15V through a 1.4 kn resistor. 
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LM1 19/LM219/LM319 


Typical Performance Characteristics LM119/LM219 


Input Currents 
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Typical Performance Characteristics LM 319 


Input Currents 


Supply Currents 


Transfer Function 
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Semiconductor 

Corporation 


LM 139/239/339, LM139A/239A/339A, LM2901, LM3302 
Low Power Low Offset Voltage Quad Comparators 


General Description 

The LM139 series consists of four independent precision 
voltage comparators with an offset voltage specification as 
low as 2 mV max for all four comparators. These were de- 
signed specifically to operate from a single power supply 
over a wide range of voltages. Operation from split power 
supplies is also possible and the low power supply current 
drain is independent of the magnitude of the power supply 
voltage. These comparators also have a unique characteris- 
tic in that the input common-mode voltage range includes 
ground, even though operated from a single power supply 
voltage. 

Application areas include limit comparators, simple analog 
to digital converters; pulse, squarewave and time delay gen- 
erators; wide range VCO; MOS clock timers; multivibrators 
and high voltage digital logic gates. The LM139 series was 
designed to directly interface with TTL and CMOS. When 
operated from both plus and minus power supplies, they will 
directly interface with MOS logic — where the low power 
drain of the LM339 is a distinct advantage over standard 
comparators. 

Advantages 

■ High precision comparators 

■ Reduced Vqs drift over temperature 


■ Eliminates need for dual supplies 

■ Allows sensing near GND 

■ Compatible with all forms of logic 

■ Power drain suitable for battery operation 

Features 

■ Wide single supply voltage range of dual supplies 

LM1 39 series, 2 Vqc to 36 Vpc or 

LM139A series, LM2901 ±1 V DC to ±18 V DC 

LM3302 2 V DC to 28 V DC 

or ±1 Ydc to ±14Vpc 

■ Very low supply current drain (0.8 mA) — independent 
of supply voltage (2 mW/comparator at + 5 Vpc) 

■ Low input biasing current 25 nA 

a Low input offset current ± 5 nA 

and offset voltage +3 mV 

B Input common-mode voltage range includes GND 
b Differential input voltage range equal to the power 
supply voltage 

m Low output saturation voltage 250 mV at 4 mA 

B Output voltage compatible with TTL, DTL, ECL, MOS 
and CMOS logic systems 


Schematic and Connection Diagrams 



Dual-ln-Line Package 

OUTPUT 3 OUTPUT 4 GND INPUT 4+ INPUT 4- INPUT 3* INPUT 3- 



TOP VIEW TL/H/5706-2 

Order Number LM139J, LM139AJ, LM239J, LM239AJ, 
LM339J, LM339AJ, LM2901 J or LM3302J 
See NS Package Number J14A 
Order Number LM339AM, LM339M or LM2901M 
See NS Package Number M14A 
Order Number LM339N, LM339AN, 

LM2901N or LM3302N 
See NS Package Number N14A 
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LM139/239/339, LM 139 A/239 A/339 A, LM2901, LM3302 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, contact 

LM 1 39/LM239/LM339 
LM 1 39A/LM239A/LM339A 
LM2901 

Supply Voltage, V + 36 Vpc or ± 1 8 Vpc 

Differential Input Voltage (Note 8) 36 Vpc 

Input Voltage -0.3 Vpcto +36 Vpc 

Power Dissipation (Note 1 ) 

Molded DIP 1050mW 

Cavity DIP 1190mW 

Small Outline Package 760 mW 

Output Short-Circuit to GND, 

(Note 2) Continuous 

Input Current (V|N < - 0.3 Vpc), 

(Note 3) 50 mA 

Storage T emperature Range - 65°C to + 1 50°C 

Lead Temperature 

(Soldering, 10 seconds) 260°C 


50 mA 

— 65°C to + 1 50°C 


the National Semiconductor Sales Office/Distributors for availability and specif ications^Note 1 0) 

LM139/LM239/LM339 

LM3302 LM 1 39A/LM239A/LM339A LM3302 

LM2901 

28 Vpc or ± 1 4 Vqc Operating T emperature Range - 40°C to + 85°C 

28 V DC LM339/LM339A 0°C to + 70°C 

. , OQ LM239/LM239A - 25°C to + 85°C 

“0.3 V D c to + 28 V DC LM2g01 -40°C to +85°C 

LM139/LM139A -55°Cto +125°C 

1050 mW e . , . , , 

Soldering Information 

Dual-ln-Line Package 

Soldering (10 seconds) 260°C 260°C 

Small Outline Package 

Continuous Vapor Phase (60 seconds) 215°C 215°C 

Infrared (15 seconds) 220°C 220°C 

50 mA 3 ee aN- 450 “Surface Mounting Methods and Their Effect on Product Reliability” for 

-65°C to + 150°C other methods of soldering surface mount devices. 

ESD rating to be determined. 


50 mA 

— 65°C to + 1 50°C 


Electrical Characteristics (V+ =5 Vp C , T a = 25°C, unless otherwise stated) 


Parameter Conditions 

Input Off set Voltage (Note 9) 

Input Bias Current l|N(+) or l|N(-) with Output in 

Linear Range, (Note 5), Vqm = 0V 

Input Offset Current l|N(+ ) ~ l|N(— )» Vcm = 0V 

Input Common-Mode V+ =30 V DC (LM3302, V+ =28 V DC ) 
Voltage Range (Note 6) 

Supply Current Rl= 00 on all Comparators, 

R l = qo, V+ =36V, (LM3302, V+ =28 V DC ) 

Voltage Gain Rl> 15 kn, V+ = 15 Vpc 

Vq= 1 Vpc to 1 1 V DC 

Large Signal Vin = TTL Logic Swing, Vref = 

Response Time 1.4Vpc, Vrl^ Vpc, Rl = 5.1 kft, 

Response Time Vri_=5 Vpp, Rj_= 5.1 kfi, 

(Note 7) 

Output Sink Current V|N(-) = 1 Vpc, V|N(+) = 0, 

V 0 > 1.5 V DC 


LM139A 

LM239A, LM339A 

LM139 

LM239, LM339 

LM2901 

LM3302 

Units 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 


±1.0 ±2.0 

±1.0 ±2.0 

±2.0 ±5.0 

±2.0 ±5.0 

±2.0 ±7.0 

±3 ±20 

mVpc 

25 100 

25 250 

, 

25 100 

25 250 

25 250 

1 

25 500 

nApc 

±3.0 ±25 

±5.0 ±50 

±3.0 ±25 

±5.0 ±50 

±5 ±50 

±3 ±100 

nApc 

0 V+-1.5 

0 V+-1.5 

0 V+-1.5 

0 V+-1.5 

0 V+-1.5 

0 V+-1.5 

Vpc 

0.8 2.0 

0.8 2.0 

1.0 2.5 

0.8 2.0 

1.0 2.5 

0.8 2.0 

1.0 2.5 

0.8 2.0 

1.0 2.5 

0.8 2.0 

1.0 2.5 

mApc 

mApc 

50 200 

50 200 

50 200 

50 200 

25 100 

2 30 

V/mV 

300 

300 

300 

300 

300 

300 

ns 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

jus 

6.0 16 

6.0 16 

6.0 16 

6.0 16 

6.0 16 

6.0 16 

mApc 
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Electrical Characteristics (V+ =5 Vpc. Ta = 25°C, unless otherwise stated) (Continued) 


Parameter 

Conditions 

LM139A 

LM239A, LM339A 

LM139 

LM239, LM339 

LM2901 

LM3302 

Units 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Saturation Voltage 

v in(— )=l V D c. Vin(+)=o, 

•sink^4 mA 

250 400 

250 400 

250 400 

250 400 

250 400 

250 500 

mVoc 

Output Leakage 
Current 

V IN( + ) = 1 v dc>V|N(-) = 0. 
V 0 = 5 V DC 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

nAoc 


Electrical Characteristics <v+ = 5.0 v DC , Note 4 ) 


Parameter 

Conditions 

LM139A 

LM239A, LM339A 

LM139 

LM239, LM339 

LM2901 

LM3302 

Units 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Input Offset Voltage 

(Note 9) 

±4.0 

±4.0 

±9.0 

±9.0 

±9 ±15 

±40 

ITIVdc 

Input Offset Current 

*IN(+)-l|N(-). Vqm = 0V 

±100 

±150 

±100 

±150 

±50 ±200 

±300 

nAoc 

Input Bias Current 

I|N(+) or l|N(-) with Output in 

Linear Range, Vcm = 0V (Note 5) 

300 

400 

300 

400 

200 500 

1000 

nAoc 

Input Common-Mode 
Voltage Range 

V + = 30 V DC (LM3302, V + = 28 V DC ) 
(Note 6) 

0 V+-2.0 

0 V+-2.0 

0 V+-2.0 

V+-2.0 

0 V+-2.0 

0 V+-2.0 

Vdc 

Saturation Voltage 

V IN(-) = 1 V DC. V| N ( + ) = 0, 
l S |NK^4mA 

700 

700 

700 

700 

400 700 

700 

mVoc 

Output Leakage Current 

Vin(+)=i v D c. Vin(-)=o, 

V 0 = 30 V DC . (LM3302, V 0 = 28 V DC ) 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Mdc 

Differential Input Voltage 

Keep all Vin’s^O Vdc (° r v_ , 
if used), (Note 8) 

36 

36 

36 

36 

36 

28 

Vdc 


Note 1: For operating at high temperatures, the LM339/LM339A, LM2901, LM3302 must be derated based on a 125°C maximum junction temperature and a thermal resistance of 95°C/W which applies for the device soldered in a 
printed circuit board, operating in a still air ambient. The LM239 and LM1 39 must be derated based on a 1 50°C maximum junction temperature. The low bias dissipation and the “ON-OFF" characteristic of the outputs keeps the chip 
dissipation very small (Pd^IOO mW), provided the output transistors are allowed to saturate. 

Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output current is approximately 20 mA independent of the magnitude of V+ . 
Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby acting as input diode 
clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the comparators to go to the V+ voltage level (or to ground for a large 
overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a valve greater than -0.3 Vqc (at 25°)C. 
Note 4: These specifications are limited to -55 °C^Ta^ + 125°C, for the LM139/LM139A. With the LM239/LM239A, all temperature specifications are limited to -25°C^T A ^ 4- 85°C, the LM339/LM339A temperature specifications 
are limited to 0°C^T A ^ + 70°C, and the LM2901, LM3302 temperature range is -40°C^T A ^ +85°C. 

Note 5: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the reference or input lines. 

Note 6: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is V+ - 1 .5V at 25°C, but either or both inputs can go 
to +30 Vqq without damage (25V for LM3302), independent of the magnitude of V+. 

Note 7: The response time specified is a 1 00 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained, see typical performance characteristics section. 

Note 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range, the comparator will provide a proper output state. The low input voltage state 
must not be less than -0.3 Vqc (or 0.3 Vqc below the magnitude of the negative power supply, if used) (at 25°C). 

Note 9: At output switch point, Vo = 1.4 Vqc. Rs = 0^ with V+ from 5 Vqc to 30 Vqq; and over the full input common-mode range (0 Vqc to V+ —1.5 Vdc). at 25°C. For LM3302, V+ from 5 Vqc to 28 Vdc- 
Note 10: Refer to RETS139AX for LM139AJ military specifications and to RETS139X for LM139J military specifications. 
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LM 139/239/339, LM139A/239A/339A, LM2901, LM3302 


Typical Performance Characteristics lmi 39 /lm 239 /lm 339 , lmi 39 a/lm 239 a/lm 339 a, LM3302 


Supply Current 


Input Current 


Output Saturation Voltage 


— -t a = o°c- 


-T a =+25°C 

^ T a * +70°C 

T A >+125°C" 


10 20 30 40 

SUPPLY VOLTAGE (Vdc) 






-Ta 

= -55°C 

-T, 

1 

= o°c _ 


T 

* +125°C 


| | 


V|N(CM) = 0 Vqc 
” Rinicm) - 10®£1 - 


"7 T a =+25°C 
^T a =+70°C — 


0 10 20 30 40 

V + - SUPPLY VOLTAGE (Vdc) 



0.01 0.1 1.0 10 100 
l 0 - OUTPUT SINK CURRENT (mA) 


Response Time for Various 
Input Overdrives— Negative 
Transition 


rfe 4.0 20 mV-ll 


5.0 mV ■ INPUT OVERDRIVE 


Response Time for Various 
Input Overdrives — Positive 
Transition 

0 1 

v - INPUT OVERDRIVE = 100 mV 

-WSFF- 


0.5 1.0 1.5 2.0 

TIME (m»c) 


0.5 1.0 1.5 2.0 

TIME Utsec) 


Typical Performance Characteristics LM2901 

Supply Current Input Current 

— I — i 80 r T " | — 

12 — — ^ f T A =-40°C ? T A =-40°C - 


’^T a = + 25 °cI 


10 20 30 40 

V + , SUPPLY VOLTAGE (Vdc) 


10 20 30 

V + , SUPPLY VOLTAGE (V DC ) 


Response Time for Various 
Input Overdrives-Negative 
Transition 


5 50 “rj 

4.0 -20 mV-n 


5.0 mV * INPUT OVERDRIVE 


Output Saturation Voltage 



£ T a = +85°C 
z 01 T a = +25°C. 


0.01 0.1 1 10 100 

lo. OUTPUT SINK CURRENT (mA) 


Response Time for Various 
Input Overdrives-Positive 
Transition 

0 I vf- INPUT OVERDRIVE = 100 mV I I 


50 — I — T a “ 25°C- 

. T - 4 - i . 


0 0.5 1.0 1.5 2.0 

TIME (pwc) 


0 0.5 1.0 1.5 2.0 

TIME (ps«c) 
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Application Hints 

The LM139 series are high gain, wide bandwidth devices 
which, like most comparators, can easily oscillate if the out- 
put lead is inadvertently allowed to capacitively couple to 
the inputs via stray capacitance. This shows up only during 
the output voltage transition intervals as the comparator 
changes states. Power supply bypassing is not required to 
solve this problem. Standard PC board layout is helpful as it 
reduces stray input-output coupling. Reducing this input re- 
sistors to < 10 kH reduces the feedback signal levels and 
finally, adding even a small amount (1 to 10 mV) of positive 
feedback (hysteresis) causes such a rapid transition that 
oscillations due to stray feedback are not possible. Simply 
socketing the 1C and attaching resistors to the pins will 
cause input-output oscillations during the small transition in- 
tervals unless hysteresis is used. If the input signal is a 
pulse waveform, with relatively fast rise and fall times, hys- 
teresis is not required. 

All pins of any unused comparators should be grounded. 
The bias network of the LM139 series establishes a drain 
current which is independent of the magnitude of the power 
supply voltage over the range of from 2 Vdc to 30 Vdc- 
It is usually unnecessary to use a bypass capacitor across 
the power supply line. 


The differential input voltage may be larger than V+ without 
damaging the device. Protection should be provided to pre- 
vent the input voltages from going negative more than -0.3 
Vdc (at 25°C). An input clamp diode can be used as shown 
in the applications section. 

The output of the LM139 series is the uncommitted collector 
of a grounded-emitter NPN output transistor. Many collec- 
tors can be tied together to provide an output OR’ing func- 
tion. An output pull-up resistor can be connected to any 
available power supply voltage within the permitted supply 
voltage range and there is no restriction on this voltage due 
to the magnitude of the voltage which is applied to the V + 
terminal of the LM139A package. The output can also be 
used as a simple SPST switch to ground (when a pull-up 
resistor is not used). The amount of current which the output 
device can sink is limited by the drive available (which is 
independent of V+) and the p of this device. When the 
maximum current limit is reached (approximately 16 mA), 
the output transistor will come out of saturation and the out- 
put voltage will rise very rapidly. The output saturation volt- 
age is limited by the approximately 60H Rsat of the output 
transistor. The low offset voltage of the output transistor (1 
mV) allows the output to clamp essentially to ground level 
for small load currents. 


Typical Applications <v+ = 5.0 v DC ) 


Basic Comparator Driving CMOS 



Driving TTL 


+5 V oc 



OR Gate 



v* 



V* 
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LM 139/239/339, LM 139 A/239 A/339 A, LM2901, LM3302 




LM 139/239/339, LM 139 A/239 A/339A, LM2901, LM3302 
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LM 139/239/339, LM139A/239A/339A, LM2901, LM3302 



LM 139/239/339, LM139A/239A/339A, LM2901, LM3302 






Typical Applications (v+=i5v DC ) (continued) 


Squarewave Oscillator 


v + 



TL/H/5706-16 

Basic Comparator 

v + 



TL/H/5706-21 


Limit Comparator 

V‘ (12 V 0C ) 


Comparing Input Voltages 
of Opposite Polarity 



TL/H/5706-20 


Output Strobing 


v* 



TL/H/5706-22 

Crystal Controlled Oscillator 

v + 
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LM 139/239/339, LM139A/239A/339A, LM2901, LM3302 








LM 139/239/339, LM 139 A/239 A/339A, LM2901, LM3302 


Split-Supply Applications (v+ =+i5v DC andv — isv DC ) 
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National 

Semiconductor 

Corporation 


LM160/LM260/LM360 High Speed Differential 


Comparator 

General Description 

The LM160/LM260/LM360 is a very high speed differential 
input, complementary TTL output voltage comparator with 
improved characteristics over the juA760/jliA760C, for 
which it is a pin-for-pin replacement. The device has been 
optimized for greater speed, input impedance and fan-out, 
and lower input offset voltage. Typically delay varies only 
3 ns for overdrive variations of 5 mV to 400 mV. 
Complementary outputs having minimum skew are provid- 
ed. Applications involve high speed analog to digital conver- 
tors and zero-crossing detectors in disk file systems. 


Features 

■ Guaranteed high speed 20 ns max 

■ Tight delay matching on both outputs 

■ Complementary TTL outputs 

■ High input impedance 

■ Low speed variation with overdrive variation 

■ Fan-out of 4 

■ Low input offset voltage 

■ Series 74 TTL compatible 


Connection Diagrams 


Metal Can Package 


v* 



TL/H/5707-4 

Order Number LM160H, LM260H or LM360H 
See NS Package Number H08C 


Dual-ln-Line Package 

V* OUT 1 OUT 2 GND 



TL/H/5707-5 

Order Number LM360M or LM360N 
See NS Package Number M08A or N08E 


Dual-In-Package 

NC NC V* OUTPUT 1 OUTPUT 2 GNO NC 



Order Number LM160J-14, LM360J-14 or LM360N-14 
See NS Package Number J14A or N14A 
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LM 1 60/LM260/LM360 




LM 1 60/LM260/LM360 


Absolute Maximum Ratings (Notes) 





If Military /Aerospace specified devices are required, Operating Temperature Range 



contact the National Semiconductor Sales Office/ LM160 



— 55°C to +125°C 

Distributors for availability and specifications. LM260 



— 25°C to +85°C 

(Note 7) 

LM360 



0°C to +70°C 

Positive Supply Voltage 

+ QV Storage Temperature Range 


— 65°C to + 1 50°C 

Negative Supply Voltage 

_ 8V Lead T emperature (Soldering, 1 0 sec.) 


260° C 

Peak Output Current 

20 mA Soldering Information 




Differential Input Voltage 

+ 5V Dual-ln-Line Package 

Soldering (1 0 seconds) 



260°C 

Input Voltage V + 

^ V|n ^ V Small Outline Package 




ESD rating is to be determined. 

Vapor Phase (60 seconds) 


215°C 


Infrared (15 seconds) 



220°C 


See AN-450 “Surface Mounting Methods and Their Effect 


on Product Reliability” for other methods of soldering sur- 


face mount devices. 




Electrical Characteristics (t m:n <it a < t max ) 





Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Operating Conditions 






Supply Voltage Vcc + 


4.5 

5 

6.5 

V 

Supply Voltage Vcc - 


-4.5 

-5 

-6.5 

V 

Input Offset Voltage 

R s ^ 200ft 


2 

5 

mV 

Input Offset Current 



0.5 

3 

ju-A 

Input Bias Current 



5 

20 

jaA 

Output Resistance (Either Output) 

v OUT = Voh 


100 


5 

Response Time 

T a = 25°C, V s = ±5V (Notes 1, 6) 


mm 




T a = 25°C, V s = ± 5V (Notes 2, 6) 

HI 

■9 


’feH 


T a = 25°C, V s = +5V (Notes 3, 6) 


: Wm- 



Response Time Difference between Outputs 






(tpd °f +V|ni) - (tpdof -V| N2 ) 

T a = 25°C (Notes 1,6) 


2 


ns 

(t p d Of + V|N2) “ (tpd of ~V|N i) 

T a = 25°C (Notes 1,6) 


2 


ns 

(tpd of +V| N1 ) - (t pd of +V iN2 ) 

T a = 25°C (Notes 1,6) 


2 


ns 

(tpd of - V iN1 ) - (tp d of -V 1N2 ) 

T a = 25° C (Notes 1,6) 


2 


ns 

Input Resistance 

f = 1 MHz 


17 


kft 

Input Capacitance 

f = 1 MHz 


3 


pF 

Average Temperature Coefficient of 

Rs = 50ft 


g 



Input Offset Voltage 





JU.V/°C 

Average Temperature Coefficient of 



7 


nA/°C 

Input Offset Current 






Common Mode Input Voltage Range 

V s = + 6.5V 


±4.5 


V 

Differential Input Voltage Range 


±5 



V 

Output High Voltage (Either Output) 

Iqut = ~320 jllA, V s = ±4.5V 

2.4 

3 


V 

Output Low Voltage (Either Output) 

'SINK = 6.4 mA 


0.25 

0.4 

V 

Positive Supply Current 

V s =± 6.5V 


18 

32 

mA 

Negative Supply Current 

V s = ±6.5V 


-9 

-16 

mA 

Note 1: Response time measured from the 50% point of a 30 mVp-p 10 MHz sinusoidal input to the 50% point of the output. 



Note 2 : Response time measured from the 50% point of a 2 Vp-p 1 0 MHz sinusoidal input to the 50% point of the output. 




Note 3: Response time measured from the start of a 100 mV input step with 5 mV overdrive to the time when the output crosses the logic threshold. 1 

Note 4 : Typical thermal impedances are as follows: 






Cavity DIP (J): 0 jA 135°C/W 

Header (H) 0 ]A 

230°C/W 

(Still Air) 


Molded DIP (N): 0 jA 130°C/W 


190°C/W 

(400 LF/min Air Flow) 


0jC 

25°C/W 



Note 5: The device may be damaged if used beyond the maximum ratings. 





Note 6 : Measurements are made in AC Test Circuit, Fanout = 1 





Note 7: Refer to RETS 160X for LM160H, LM160J-14 and LM160J military specifications. 
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Typical Performance Characteristics 


Offset Voltage 



-55-35 -15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE ( C) 


Input Currents vs Ambient 
Temperature 



AMBIENT TEMPERATURE CO 


Input Characteristics 



-5 -4 -3 -2 -1 0 1 2 3 4 5 

DIFFERENTIAL INPUT VOLTAGE (V) 


Supply Current vs Ambient 
Temperature 



-55-35-15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE ( C) 


Propagation Delay vs 
Ambient Temperature 



-55-35 -15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (°C) 


Delay of Output 1 With 
Respect to Output 2 vs 
Ambient Temperature 



-55 -35 -15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (°C) 


Common-Mode 



AC Test Circuit 


OUTPUT TO V + 



V“=-5V C = 1 5 pF C = 30 pF 
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LM160/LM260/LM360 




LM 1 60/LM260/LM360 


Schematic Diagram 
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National 

Semiconductor 

Corporation 


LM161/LM261/LM361 

High Speed Differential Comparators 


General Description 

The LM161/LM261/LM361 is a very high speed differential 
input, complementary TTL output voltage comparator with 
improved characteristics over the SE529/NE529 for which it 
is a pin-for-pin replacement. The device has been optimized 
for greater speed performance and lower input offset volt- 
age. Typically delay varies only 3 ns for over-drive variations 
of 5 mV to 500 mV. It may be operated from op amp sup- 
plies (± 15 V). 

Complementary outputs having maximum skew are provid- 
ed. Applications involve high speed analog to digital con- 
verters and zero-crossing detectors in disk file systems. 


Features 

■ Independent strobes 

■ Guaranteed high speed 20 ns max 

B Tight delay matching on both outputs 

b Complementary TTL outputs 

a Operates from op amp supplies ±15V 

B Low speed variation with overdrive variation 
a Low input offset voltage 
a Versatile supply voltage range 


Connection Diagrams 

Dual-ln-Line Package 


V cc STROBE 1 NC OUTPUT 1 GNO OUTPUT 2 STROBE 2 



Order Number LM161 J, LM261 J, LM361 J, 
LM361M or LM361N 

See NS Package Number J14A, M14A or N14A 


Metal Can Package 
V + 



TL/H/5708-3 

Order Number LM161H, LM261H or LM361H 
See NS Package H10C 


Logic Diagram 


V + STROBE 1 Vcc 
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LM161/LM261/LM361 




LM161/LM261/LM361 


Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 4) 

Positive Supply Voltage, V + + 1 6V 

Negative Supply Voltage, V ~ —16V 

Gate Supply Voltage, Vcc + 7V 

Output Voltage + 7V 

Differential Input Voltage ± 5V 

Input Common Mode Voltage ± 6V 

Power Dissipation 600 mW 

Storage T emperature Range - 65°C to + 1 50°C 

Operating Temperature Range Tmin t max 

LM161 — 55°C to + 125°C 

LM261 — 25°C to +85°C 

LM361 0°C to + 70°C 

Lead T emp. (Soldering, 1 0 seconds) 260°C 

For Any Device Lead Below V - 0.3V 


Operating Conditions 

Min Typ Max 

Supply Voltage V+ 

LM161/LM261 5V 15V 

LM361 5V 15V 

Supply Voltage V~ 

LM161/LM261 -6V -15V 

LM361 — 6V -15V 

Supply Voltage Vcc 

LM161/LM261 4.5V 5V 5.5V 

LM361 4.75 V 5V 5.25V 

ESD rating to be determined. 

Soldering Information 
Dual-In-Line Package 

Soldering (1 0 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 21 5°C 

I nf rared ( 1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Electrical Characteristics (v 


Input Offset Voltage 
Input Bias Current 

Input Offset Current 

Voltage Gain 
Input Resistance 

Logical “1 ” Output Voltage 


Logical “0” Output Voltage 


+ = + 10V, Vcc = +5V, V - = —10V, Tmin ^ T a ^ Tmax> unless noted) 

Limits 

tions LM161/LM261 LM361 


T a = 25°C 
T a = 25°C 

T a = 25°C 

T a = 25°C, f== 1 kHz 

Vcc^ 4.75V, 

•SOURCE = “0.5 mA 


V CC = 4.75V, 

•SINK = 6.4 mA 


Typ 

Max 

Min 

Typ 

1 

3 


1 

5 

20 


10 

2 

3 


2 

3 



3 

20 



20 

3.3 


2.4 

3.3 
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Electrical Characteristics (Continued) 

(V+ = +10V, V C c = +5V, V- = -10V, T M | N ^ T a ^ T M ax. unless noted) 


Parameter 

Conditions 

Limits 

Units 

LM161/LM261 

LM361 

Min 

Typ 

Max 

Min 

Typ 

Max 

Supply Current 1 + 

V+ = 10V, V- = -10V, 
V CC = 5.25V, 
-55°C^T a ^125°C 



4.5 




mA 

Supply Current 1 + 

v+ = iov, v- = -iov, 

Vcc= 5.25 V, 
0 °C^T a ^70°C 






5 

mA 

Supply Current l~ 

v+ = iov, v- = -iov, 

V CC = 5.25 V, 
-55°C^T A ^125°C 



10 




mA 

Supply Current 1 ~ 

v+ = iov, v- = -iov, 

V CC = 5.25 V, 
0°C^T a ^70°C 






10 

mA 

Supply Current Ice 

v+ = iov, v- = -iov, 

V CC = 5.25 V, 
-55°C^T a ^125°C 



18 




mA 

Supply Current Ice 

V+ = 10V, v- = -iov, 
V CC = 5.25V, 
0°C^T a ^70°C 


1 




20 

mA 

Transient Response 

Propagation Delay Time (t pc i(o)) 
Propagation Delay Time (t p d(i>) 
Delay Between Output A and B 
Strobe Delay Time (t pc |(0)) 

Strobe Delay Time (t pc j(i )) 

Vin = 50 mV overdrive 
(Note 3) 

T a = 25°C 

T a = 25°C 

T a = 25°C 

T a ==25°C 

T a = 25°C 


14 

14 

2 

8 

8 

20 

20 

5 


14 

14 

2 

8 

8 

20 

20 

5 

ns 

ns 

ns 

ns 

ns 


Note 1: The device may be damaged by use beyond the maximum ratings. 
Note 2: Typical thermal impedances are as follows: 


H Package J Package N Package 

0 jA 230°C/W (Still Air) 112°C/W 105°C/W 

1 90°C/W (400 LF/Min 
Air Flow) 

0 jC 25°C/W 

Note 3: Measurements using AC Test circuit, Fanout = 1. The devices are faster at low supply voltages. 
Note 4: Refer to RETS161X for LM161H and LM161J military specifications. 
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LM161/LM261/LM361 


Typical Performance Characteristics 


Offset Voltage 



-55-35 -IS 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE ( C) 


Input Currents vs Ambient 
Temperature 



AMBIENT TEMPERATURE (°C) 


s 

Sjj 

ac. 

EC 

2 

3 

s 

5 

a. 


Input Characteristics 



-6 -4 -3 -2 -1 0 1 2 3 4 5 

DIFFERENTIAL INPUT VOLTAGE (V) 


Supply Current vs 
Ambient Temperature 



AMBIENT TEMPERATURE ( C) 


Delay of Output 1 With 
Respect to Output 2 vs 
Ambient Temperature 



AMBIENT TEMPERATURE (°C) 

AC Test Circuit 


V| N = ±50 mV 
V+ = +10V 
V- = -10V 
V CC = 5.25V 


FANOUT = 1 
R = 2.4k 
C= 15 pF 


FANOUT = 4 
R = 680« 

C = 30 pF 


Supply Current vs 
Supply Voltage 



±5 ±6 ±7 ±8 ±9 ±10 ±11 ±12 ±13 ±14 *15 
SUPPLY VOLTAGE (V + . V» (V) 


Propagation Delay vs 
Ambient Temperature 



-55-35-15 5 25 45 65 B5 105 125 
AMBIENT TEMPERATURE (°C) 


Strobe Delay vs Ambient 
Temperature 



AMBIENT TEMPERATURE (°C) 


Common-Mode 
Pulse Response 



OUTPUT V + 
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Schematic Diagram 


LM161 



RIO, R16: 85 
R11, R17: 205 
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LM 1 93/LM293/LM393, LM 1 93A/LM293A/LM393A 



National 

Semiconductor 

Corporation 


LM 1 93/LM293/LM393, LM 1 93A/LM293A/LM393A, 
LM2903 Low Power Low Offset Voltage Dual 
Comparators 


General Description 

The LM193 series consists of two independent precision 
voltage comparators with an offset voltage specification as 
low as 2.0 mV max for two comparators which were de- 
signed specifically to operate from a single power supply 
over a wide range of voltages. Operation from split power 
supplies is also possible and the low power supply current 
drain is independent of the magnitude of the power supply 
voltage. These comparators also have a unique characteris- 
tic in that the input common-mode voltage range includes 
ground, even though operated from a single power supply 
voltage. 

Application areas include limit comparators, simple analog 
to digital converters; pulse, squarewave and time delay gen- 
erators; wide range VCO; MOS clock timers; multivibrators 
and high voltage digital logic gates. The LM193 series was 
designed to directly interface with TTL and CMOS. When 
operated from both plus and minus power supplies, the 
LM193 series will directly interface with MOS logic where 
their low power drain is a distinct advantage over standard 
comparators. 

Advantages 

■ High precision comparators 

■ Reduced Vqs drift over temperature 


■ Eliminates need for dual supplies 

■ Allows sensing near ground 

■ Compatible with all forms of logic 

■ Power drain suitable for battery operation 

Features 

■ Wide single supply 

Voltage range 2.0 Vdc to 36 Vdc 

or dual supplies ± 1 .0 Vpc to ± 1 8 Vdc 

■ Very low supply current drain (0.8 mA) — independent 
of supply voltage (1 .0 mW/comparator at 5.0 Vdc) 

■ Low input biasing current 25 nA 

■ Low input offset current ± 5 nA 

and maximum offset voltage ±3 mV 

■ Input common-mode voltage range includes ground 

■ Differential input voltage range equal to the power sup- 
ply voltage 

■ Low output saturation voltage, 250 mV at 4 mA 

■ Output voltage compatible with TTL, DTL, ECL, 

MOS and CMOS logic systems 


Schematic and Connection Diagrams 


v + 



See NS Package Number H08C 

Typical Applications (v+=5.ov DC ) 


See NS Package Number J08A, 
M08A or N08E 


Basic Comparator 


Driving CMOS 


Driving TTL 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, contact the 
National Semiconductor Sales Office/Distributors for availability 
and specifications. 

(Note 10) 


Supply Voltage, V+ 

Differential Input Voltage (Note 8) 

Input Voltage 

Power Dissipation (Note 1) 

Molded DIP 
Metal Can 

Small Outline Package 
Output Short-Circuit to Ground (Note 2) 
Input Current (V| N < -0.3 V D c) (Note 3) 


36 V DC or ±18 V DC 
36V DC 

— 0.3 V DC to +36 Vq C 

780 mW 
660 mW 
510 mW 
Continuous 
50 mA 


Operating Temperature Range 
LM393/LM393A 
LM293/LM293A 
LM193/LM193A 
LM2903 


0°Cto +70°C 
— 25°C to +85°C 
— 55°C to + 1 25°C 
— 40°C to +85°C 


Storage T emperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 1 0 seconds) + 260°C 

Soldering Information 
Dual-ln-Line Package 

Soldering (10 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 21 5°C 

Infrared (1 5 seconds) 220°C 


See AN-450 “Surface Mounting Methods and Their Effect on Product 
Reliability” for other methods of soldering surface mount devices. 

ESD rating to be determined. 


Electr ical Ch aracteristic s (V + =5 Vpc. Ta = 25°C, unless otherwise stated) 


Parameter 

Conditions 

LM193A 

LM293A, LM393A 

LM193 

LM293, LM393 

LM2903 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

(Note 9) 


+ 1.0 

+ 2.0 


±1.0 

±2.0 


±1.0 

±5.0 


±1.0 

±5.0 


±2.0 

±7.0 

mVoc 

Input Bias Current 

I|N(+) °r I|n(“) with Output In Linear 


25 

100 


25 

250 


25 

100 


25 

250 


25 

250 

nApc 


Range, Vcm = 0V (Note 5) 

















Input Offset Current 

Iin(+Min(~) v cm = ov 


±3.0 

+ 25 


±5.0 

±50 


±3.0 

±25 


±5.0 

±50 


±5.0 

±50 

nA D c 

Input Common Mode 

V + = 30 Vqc (Note 6) 

0 


V+-1.5 

0 


V+-1.5 

0 


V + — 1.5 

0 


V+-1.5 

0 


V + —1.5 

Vdc 

Voltage Range 


















Supply Current 

r l = oo on All Comparators, 


0.4 

1 


0.4 

1 


0.4 

1 


0.4 

1 


0.4 

1.0 

htiAdc 


r l = oo on All Amps, V+ =36 Vdc 


1 

2.5 


1 

2.5 


1 

2.5 


1 

2.5 


1 

2.5 

itiAdc 

Voltage Gain 

R L ^15ka,V+ = 15V DC 

50 

200 


50 

200 


50 

200 


50 

200 


25 

100 


V/m V 


Vo = 1 Vpc to 1 1 Vdc 

















Large Signal Response 

V|n = TTL Logic Swing, Vref = 1.4 Vdc 


300 



300 



300 



300 



300 


ns 

Time 

V RL — 5 V DC . Rl=5.1 kfl 

















Response Time 

Vrl— 5 V D c» Rl= 5.1 ka (Note 7) 


1.3 



1.3 



1.3 



1.3 



1.5 


flS 

Output Sink Current 

V| N (— ) = 1 V DC , v,n( + ) = o, v 0 ^ i .5 v DC 

6.0 

16 


6.0 

16 


6.0 

16 


6.0 

16 


6.0 

16 


mAoc 

Saturation Voltage 

V|n(~) = 1 Vdc, V|n( + ) = 0, lsiNK^4mA 


250 

400 


250 

400 


250 

400 


250 

400 


250 

400 

mVoc 

Output Leakage Current 

V| N ( - ) = 0 , v, N ( + ) = i v DC , v 0 = 5 v DC 


0.1 



0.1 



0.1 



0.1 



0.1 


nAoc 


V868l/\n/V863Wn/VG6 1- INI ‘868l/\n/862m/86Ufln 
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Electrical Characteristics (v + = 5v DC )(Note4) 


Parameter 

Conditions 

LM193A 

LM293A, LM393A 

LM193 

LM293, LM393 

LM2903 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 


Typ 

Max 

Min 

Typ 

Max 

Min 

i 

Typ 

Max 

Input Offset Voltage 

(Note 9) 



±4.0 






±9 



±9 


m 

±15 

mVoc 

Input Offset Current 

l|N(+)~l|N(— ). Vcm = 0V 









±100 





1E5 


nApc 

Input Bias Current 

Iin(+) or I|n(~) with Output in Linear Range, 
Vcm = 0V (Note 5) 



300 



400 

1 

■ 


1 


1 

400 

■ 



nApc 

Input Common Mode Voltage Range 

V+=30 V DC (Note 6) 

D 



D 


V+-2.0 

D 


V+-2.0 

0 


V+-2.0 

0 



Vdc 

Saturation Voltage 

V|n(“) = 1 v DC> V|n(+) = 0, Isink^ 4 mA, 



700 



700 






700 


400 

700 

mVoc 

Output Leakage Current 

V| N (-) = 0, V|N( + ) = 1 Vdc. Vq = 30 v dc 



1.0 



1.0 



1.0 



1.0 



1.0 


Differential Input Voltage 


1 

■ 





1 

■ 

36 




1 

■ 

36 



Note 1: For operating at high temperatures, the LM393/LM393A and LM2903 must be derated based on a 125°C maximum junction temperature and a thermal resistance of 127°C/W which applies for the device soldered in a printed 
circuit board, operating in a still air ambient. The LM1 93/LM1 93A/LM293/LM293A must be derated based on a 1 50°C maximum junction temperature. The low bias dissipation and the “ON-OFF” characteristic of the outputs keeps the 
chip dissipation very small (Pd £100 mW), provided the output transistors are allowed to saturate. 

Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output current is approximately 20 mA independent of the magnitude of V + . 
Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby acting as input diode 
clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the comparators to go to the V+ voltage level (or to ground for a large 
overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value greater than -0.3 Vdc- 
Note 4: These specifications are limited to -55°C^T/v£ + 125°C, for the LM193/LM193A, With the LM293/LM293A all temperature specifications are limited to -25 °C^Ta£ +85°C and the LM393/LM393A temperature specifica- 
tions are limited to 0 °C^Ta£ +70°C. The LM2903 is limited to -40 °C^Ta£ +85°C. 

Note 5: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the reference or input lines. 

Note 6: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is V+ — 1.5V at 25°C, but either or both inputs can go 
to 30 Vqc without damage, independent of the magnitude of V+. 

Note 7: The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained, see typical performance characteristics section. 

Note 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range, the comparator will provide a proper output state. The low input voltage state must 
not be less than -0.3 Vdc (or 0.3 Vdc below the magnitude of the negative power supply, if used). 

Note 9: At output switch point, Vq = 1.4 Vdc. Rs = 0ft with V+ from 5 Vdc t0 30 v DCi and over the full input common-mode range (0 Vdc to V+ -1.5 Vdc). at 25°C. 

Note 10: Refer to RETS193AX for LM 193 AH /military specifications and to RETS193X for LM1 93 H/ military specifications. 






























Typical Performance Characteristics lmi 93 /lm 293 /lm 393 ,lmi 93 a/lm 293 a/lm 393 a 


Supply Current 



Input Current 



0 10 20 30 40 

V + -SUPPLY VOLTAGE (Vqc) 


Output Saturation Voltage 



0.01 0.1 1.0 10 10 
l„ - OUTPUT SINK CURRENT (mA) 


Response Time for Various 
Input Overdrives— Negative 
Transition 




5^0 m 

= INPUT OVERDRIVE | 

-20 mV 
|\ 

t 


1 

m 

4 

n 


100 mV 

1 


c 







[l 















- 



1 









j 





25° 

u 




~| 



LJ 

lI 


0 0.S 1.0 1.5 2.0 

TIME (usee) 


Response Time for Various 
Input Overdrives — Positive 
Transition 



TL/H/5709-3 


Typical Performance Characteristics LM2903 


Supply Current 


r l = ~ 





’ 1 A - 

_ J 

... 


T A = <TC 



Ta = +25^. 

- 





/ 

Ta 

a +85°C _ 







0 10 20 30 40 

V + , SUPPLY VOLTAGE (V DC ) 


Input Current 



0 10 20 30 40 

V\ SUPPLY VOLTAGE (V DC ) 


Output Saturation Voltage 



Response Time for Various 
Input Overdrives — Negative 
Transition 



Response Time for Various 
Input Overdrives — Positive 
Transition 



TL/H/5709-4 
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LM193/LM293/LM393, LM 1 93A/LM293A/LM393A 


Application Hints 

The LM193 series are high gain, wide bandwidth devices 
which, like most comparators, can easily oscillate if the out- 
put lead is inadvertently allowed to capacitively couple to 
the inputs via stray capacitance. This shows up only during 
the output voltage transition intervals as the comparator 
change states. Power supply bypassing is not required to 
solve this problem. Standard PC board layout is helpful as it 
reduces stray input-output coupling. Reducing the input re- 
sistors to < 10 ktt reduces the feedback signal levels and 
finally, adding even a small amount (1 .0 to 10 mV) of posi- 
tive feedback (hysteresis) causes such a rapid transition 
that oscillations due to stray feedback are not possible. Sim- 
ply socketing the 1C and attaching resistors to the pins will 
cause input-output oscillations during the small transition in- 
tervals unless hysteresis is used. If the input signal is a 
pulse waveform, with relatively fast rise and fall times, hys- 
teresis is not required. 

All pins of any unused comparators should be grounded. 

The bias network of the LM193 series establishes a drain 
current which is independent of the magnitude of the power 
supply voltage over the range of from 2.0 Vdc to 30 Vdc- 

It is usually unnecessary to use a bypass capacitor across 
the power supply line. 

Typical Applications (continued) <v+= is v DC ) 


The differential input voltage may be larger than V+ without 
damaging the device (see Note 8). Protection should be 
provided to prevent the input voltages from going negative 
more than -0.3 Vdc (at 25°C). An input clamp diode can be 
used as shown in the applications section. 

The output of the LM193 series is the uncommitted collector 
of a grounded-emitter NPN output transistor. Many collec- 
tors can be tied together to provide an output OR’ing func- 
tion. An output pull-up resistor can be connected to any 
available power supply voltage within the permitted supply 
voltage range and there is no restriction on this voltage due 
to the magnitude of the voltage which is applied to the V + 
terminal of the LM193 package. The output can also be 
used as a simple SPST switch to ground (when a pull-up 
resistor is not used). The amount of current which the output 
device can sink is limited by the drive available (which is 
independent of V+) and the /3 of this device. When the 
maximum current limit is reached (approximately 16 mA), 
the output transistor will come out of saturation and the out- 
put voltage will rise very rapidly. The output saturation volt- 
age is limited by the approximately 60H tsat of the output 
transistor. The low offset voltage of the output transistor 
(1 .0 mV) allows the output to clamp essentially to ground 
level for small load currents. 


Squarewave Oscillator 


Pulse Generator 


Crystal Controlled Oscillator 



V* 




Two-Decade High-Frequency VCO 



-Til 

OUTPUT 1 


OUTPUT l 

A/V 


TL/H/5709-5 
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Typical Applications (continued) (v+=i5v DC ) 

Basic Comparator 


v* 



TL/H/5709-6 


Output Strobing 


v* 



WITHOUT PULL-UP RESISTOR 


Vo 


STROBE 

INPUT 


TL/H/5709-1 1 


Non-Inverting Comparator with Hysteresis 



AND Gate 


V" 




TL/H/5709-1 3 
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Typical Applications (continued) (v+=v DC ) 


Time Delay Generator 

\r 



Split-Supply Applications (v+ = + i5v DC andv- = -i5v DC ) 

Zero Crossing Detector 

MOS Clock Driver v 




Comparator With a 
Negative Reference 
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National 

Semiconductor 

Corporation 


LP265/LP365 Micropower Programmable 
Quad Comparator 


General Description 

The LP365 consists of four independent voltage compara- 
tors. The comparators can be programmed, four at the 
same time, for various supply currents, input currents, re- 
sponse times and output current drives. This is accom- 
plished by connecting a single resistor between the Vcc 
and Iset pins. 

These comparators can be operated from split power sup- 
plies or from a single power supply over a wide range of 
voltages. The input can sense signals at ground level even 
with single supply operation. The unique output NPN tran- 
sistor stages are uncommitted to either power supply. They 
can be connected directly to various logic system supplies 
so that they are highly flexible to interface with various logic 
families. 

Application areas include battery power circuits, threshold 
detectors, zero crossing detectors, simple serial A/D con- 
verters, VCO, multivibrators, voltage converters, power se- 
quencers, and high performance V/F converters, and RTD 
linearization. 


Features 

■ Single programming resistor to tailor power consump- 
tion, input current, speed and output current drive 
capability 

a Wide single supply voltage range or dual supplies (4 
V DC to 36 V DC or ±2.0 V DC to ±18 V DC ) 
fl Low supply current drain (10 juA) and low power 
consumption (1 OjiiW/comparator) @ Iset = 0.5juA 
Vcc = 5 vdc 

b Uncommitted output stage— selectable output levels 
B Output directly compatible with DTL, TTL, CMOS, MOS 
or other special logic families 
b Input common-mode range includes ground 
b Differential input voltage equal to the power supply 
voltage 


Typical Connection 


Connection Diagram 



Programming Equation 


ISET = 


I 


(V + )-(V-) — 1.3V 
r set 


supply- 22 x Iset 


Dual-In-Line Package 



TOP VIEW 

TL/H/5023-2 

Order Number LP365M, LP265N, LP365AN or LP365N 
See NS Package Numbers M16A or N16A 
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LP265/LP365 



LP265/LP365 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage 36 Vpc or ± 1 8 Vpc 

Differential Input Voltage + 36 V D c 

Input Voltage (Note 1) -0.3Vto +36V DC 

Output Short Circuit to V E (Note 2) Continuous 

Vqut with Respect to Ve Ve-7V^Vqut^Ve + 36V 


Electrical Characteristics (Note 4) Low power V§= 5V, Iset = 10 /xA 



M Package 

N Package 

Power Dissipation (Note 3) 

500 mW 

500 mW 

Tj Max 

1 15°C 

115°C 

0jA 

1 1 5°C/W 

90°C/W 

Lead Temp. 



(Soldering — 1 0 sec.) 


260°C 

(Vapor Phase — 60 sec.) 

215°C 


(Infrared — 15 sec.) 

220°C 


Operating Temp. Range LP365: 

0°C ^ T a £ + 70°C 

LP265: 

— 40°C ^ T A £ + 85°C 

Storage Temp. Range 

— 40°C £ T A £ + 1 50°C 


Symbol 

Parameter 

Conditions 

LP365A 

LP265/LP365 

Units 

(Limit) 


Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Typ 

Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Vos 

Input Offset 
Voltage 

VCM = 0V, 
R S =100 


3 

6 

3 

6 

9 

mV 

(Max) 

los 

Input Offset 
Current 

> 

o 

II 10 

5 £ 


20 

50 

4 

25 

75 

nA 

(Max) 




4 

25 

150 

•b 

Input Bias 

Current 

Vcm=ov 

LP265 

10 

50 

125 

15 

75 

200 





15 

75 

300 

a VOL 

Large Signal 
Voltage Gain 

R|_= 100k 

500 

50 

50 

300 

25 

25 

V/mV 

(Min) 

VcM 

Input Common- 
Mode Voltage 
Range 



0 

O 


0 

O 



3 

3 


3 

3 

V 

(Min) 

CMRR 

Common-Mode 
Rejection Ratio 

0^V C m^3V 

85 

75 

70 

80 

75 

70 

dB 

(Min) 

PSRR 

Supply Voltage 
Rejection Ratio 

±2.5V^V S 

<;±3.5V 


mm 

65 

H 


65 

dB 

(Min) 

•s 

Supply Current 

All Inputs = 0V, 
r l = oo 



300 


275 


ju,A 

(Max) 

VOH 

Output Voltage 
High 

V C = 5V, 

V E = 0V, 

R L = 100k 


4.9 

n 


4.9 

4.5 

V 

(Min) 

VOL 

Output Voltage 
Low 

v E =ov 

■ 


n 

■ 


m 

V 

(Max) 

•sink 

Output Sink 
Current 

> 

> ^ 
o o 

II II 

D 



2.0 

0.8 


mA 

(Min) 

•leak 


mm 








tR 

Response Time 

V C C = 5V, 

v E =ov, 

R L =5k, 
C L =10pF 
(Note 7) 

4 


i 

4 



JULS 
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Electrical Characteristics (Continued) (Note8) High power V s = ±15V, I S et= 100 jLtA 


Symbol 

Parameter 

Conditions 

LP365A 

LP265/LP365 

m 

Typ 

Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Typ 

Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Vos 

Input Offset 
Voltage 

V C M = 0V, 
R s =100 

1 

3 

6 

3 

6 

9 


los 

Input Offset 
Current 

V C M = 0V 

LP265 

5 

50 

100 

mm 

90 

200 





mm 

90 

500 

Ib 



60 

200 

500 


300 

500 





80 

300 

800 

AvOL 

Large Signal 
Voltage Gain 


500 



500 



V/mV 

(Min) 

VcM 

Input Common- 
Mode Voltage 
Range 


■ 


IB 

■ 

m 

B 


■ 


m 

■ 

B 

B 

m 

CMRR 

Common-Mode 
Rejection Ratio 

— 15V^V C m 
<; i3V 





B 

70 


PSRR 

Supply Voltage 
Rejection Ratio 

±10V^V S 

<;±15V 

80 

70 


75 

70 

70 

dB 

(Min) 

Is 

Supply Current 

All Inputs = 0V, 
R|_= LP265 

2.6 

3 

3.3 

2.8 

3.5 

3.7 

mA 

(Max) 




ES 

3.5 

4.3 

VOH 

Output Voltage 
High 

V C = 5V, 

v E = ov, 

R L =100k 


4.9 



4.9 


V 

(Min) 

V 0 L 

Output Voltage 
Low 

§ 

H 

LD 

> 


0.4 

0.4 

■ 

0.4 


V 

(Max) 

JSINK 

Output Sink 
Current 

V E = 0V, 

V 0 = 0.4V 

10 

8 

5.5 

7.5 

6 

4 

mA 

(Min) 

■leak 

Output Leakage 
Current 

V C = 15V, 

V E = — 15V 

5 

50 

5000 

5 

50 


nA 

(Max) 

tR 

Response Time 

V CC = 5V, 

V E = 0V, 

R L =5k, 
C L =10pF 
(Note 7) 

1.0 



1.0 

' 


jus 


Note 1: The input voltage is not allowed to go 0.3V above V + or -0.3V below V~ as this will turn on a parasitic transistor causing large currents to flow through 
the device. 

Note 2: Short circuits from the output to V+ may cause excessive heating and eventual destruction. The current in the output leads and the Ve lead should not be 
allowed to exceed 30 mA. The output should not be shorted to V - if Ve^(V - ) 4- 7V. 

Note 3: For operating at elevated temperatures, these devices must be derated based on a thermal resistance of 0jA and Tj max. Tj=TA+0jAPD- 

Note 4: Boldface numbers apply at temperature extremes. All other numbers apply at TA=Tj=25 6 C. V+ =5V, V~ = 0V, Iset = 10 fA Ri_=100k, and 

Vc = 5V as shown in the Typical Connection diagram. 

Note 5: Guaranteed and 100% production tested. 

Note 6: Guaranteed (but not 100% production tested) over the operating temperature and supply voltage ranges. These limits are not used to calculate out-going 
quality levels. 

Note 7: The response time specified is for a 100 mV input step with 5 mV overdrive. 

Note 8: Boldface numbers apply at temperature extremes. All other numbers apply at TA=Tj=25‘“C. V+ = + 15V, V - = - 15V, Iset = 100 fA Rl = 100k > and 
Vc = 5V as shown in the Typical Connection diagram. 

Note 9: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” (Appendix D) for other methods of soldering surface mount devices. 
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Typical Performance Characteristics 


Supply Current vs Icft 
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Supply Current vs 
Temperature 
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Typical Applications (Continued) 


Ordinary Hysteresis 


Hysteresis from Emitter 



vim— 1+ v+ v sLi 

IseN 


It is a good practice to add a few millivolts of positive feedback to prevent 
oscillation when the input voltage is near the threshold. 


Positive feedback from the emitter can also prevent oscillations when V|n is 
near the threshold. 


Bar-Graph Display 


Level-Sensitive Strobe 



f4.7M I < 150k 


►47k >470k 


Vref -1+ v+sjl 


arr 





The positive feedback from pin 16 provides hysteresis. 


Comparators B, C, and D do not respond until activated by the signal applied 
to comparator A. 
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Simplified Schematic 



CURRENT 

SOURCE 

CONTROL 


TL/H/5023-14 


Current sources are programmed by Iset 
Ve is common to all 4 comparators 
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LP311 Voltage Comparator 

General Description 

The LP31 1 is a low power version of the industry-standard 
LM31 1. It takes advantage of stable high-value ion-implant- 
ed resistors to perform the same function as an LM31 1 , with 
a 30:1 reduction in power drain, but only a 6:1 slowdown of 
response time. Thus the LP31 1 is well suited for battery- 
powered applications, and all other applications where fast 
response is not needed. It operates over a wide range of 
supply voltages from 36V down to a single 3V supply, with 
less than 200 /x A drain, but it is still capable of driving a 25 
mA load. The LP31 1 is quite easy to apply without any oscil- 
lation, if ordinary precautions are taken to minimize stray 
coupling from the output to either input or to the trim pins. 
(See the LM31 1 section of the Linear Databook.) 


Features 

■ Low power drain, 900 ju,W on 5V supply 

■ Operates from ± 1 5V ora single supply as low as 3V 

■ Output can drive 25 mA 

■ Emitter output can swing below negative supply 

■ Response time: 1 .2 jus 

■ Same pin-out as LM31 1 

■ Low input currents: 2 nA of offset, 15 nA of bias 

■ Large common-mode input range: —14.6V to 13.6V 
with ± 1 5V supply 


Schematic Diagram 

BALANCE/ 



TL/H/5711-7 


Auxiliary Circuits 

Strobing 



Offset Balancing 

R2 



Connection Diagram 


Dual-ln-Line Package 



v+ 


COLLECTOR 

OUTPUT 


BALANCE/ 

STROBE 


BALANCE 


TL/H/571 1 -4 


Order Number LP311N 
See NS Package Number N08E 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

T otal Supply Voltage (Vq- 4 ) 36V 

Collector Output to Negative Supply Voltage (Vy_ 4 ) 40V 

Collector Output to Emitter Output 40V 

Emitter Output to Negative Supply Voltage (V-| _ 4 ) ± 30V 
Differential Input Voltage ± 30V 

Input Voltage (Note 1) ±15V 

Power Dissipation (Note 2) 500 mW 

Output Short Circuit Duration 1 0 sec 

Operating T emperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 1 50°C 

Lead Temperature (Soldering, 1 0 seconds) 260°C 

Electrical Characteristics (Note 3) 





Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage (Note 4) 

T a = 25°C, Rs^lOOk 


2.0 

7.5 

mV 

Input Offset Current (Note 4) 

T a =25°C 


2.0 

25 

nA 

Input Bias Current 

T a =25°C 


15 

100 

nA 

Voltage Gain 

T a = 25°C, R L =5k 

40 

200 


V/mV 

Response Time (Note 5) 

T a = 25°C 


1.2 


JULS 

Saturation Voltage (Note 6) 

V|n ^ — 1 0 mV, Iout = 25 mA 

T A = 25°C 


0.4 

1.5 

V 

Strobe Current (Note 7) 

T a =25°C 

100 

200 


ju,A 

Output Leakage Current 

V|n^> 10 mV, Vout = 35V 

T a = 25°C 


0.2 

100 

nA 

Input Offset Voltage (Note 4) 

Rs^lOOk 



10 

mV 

Input Offset Current (Note 4) 




35 

nA 

Input Bias Current 




150 

nA 

Input Voltage Range 


V- + 0.5 

+ 13.7, -14.7 

V+-1.5 

mm 

Saturation Voltage (Note 6) 

V+;>4.5V,V- = 0V 

V|n^ — 10 mV, IsiNK^ 1 *6 mA 


0.1 

0.4 

■ 

Positive Supply Current 

T a = 25°C, Output on 


150 

300 

jutA 

Negative Supply Current 

T a = 25°C 


80 

180 

fi A 

Minimum Operating Voltage 

T a = 25°C 


3.0 

3.5 

boh 

Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is equal to the 
negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LP31 1 is 85°C. For operating at elevated temperatures, devices in the dual-in-line package must be derated 
based on a thermal resistance of 160°C/W, junction to ambient. 

Note 3: These specifications apply for Vs= ± 1 5V and 0 °C^Ta^ 70°C, unless otherwise specified. The offset voltage, offset current and bias current specifications 
apply for any supply voltage from a single 4V supply up to ±1 5 V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with 1 mA load. Thus, these 
parameters define an error band and take into account the worst-case effects of voltage gain and input impedance. 

Note 5: The response time specified is for a 100 mV input step with 5 mV overdrive. 

Note 6: Saturation voltage specification applied to collector-emitter voltage (V7-1) for VcoLLECTOR ^ (V + - 3V). 

Note 7: Do not short the strobe pin to ground. It should be current driven, 100 p,A to 300 )jlA. 
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SUPPLY CURRENT ( m A) 


Typical Performance Characteristics (Continued) 

Supply Current Supply Current Leakage Currents 





SUPPLY VOLTAGE (V) TEMPERATURE (°C) TEMPERATURE (°C) 

TL/H/5711-6 
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PRELIMINARY 


LP339 Ultra-Low Power Quad 

General Description 

The LP339 consists of four independent voltage compara- 
tors designed specifically to operate from a single power 
supply and draw typically 60 ju-A of power supply drain cur- 
rent over a wide range of power supply voltages. Operation 
from split supplies is also possible and the ultra-low power 
supply drain current is independent of the power supply volt- 
age. These comparators also feature a common-mode 
range which includes ground, even when operated from a 
single supply. 

Applications include limit comparators, simple analog-to-dig- 
ital converters, pulse, square and time delay generators; 
VCO’s; multivibrators; high voltage logic gates. The LP339 
was specifically designed to interface with the CMOS logic 
family. The ultra-low supply current makes the LP339 valu- 
able in battery powered applications. 

Advantages 

n Ultra-low power supply drain suitable for battery appli- 
cations 


Schematic and Connection Diagrams 


v + 



Typical Applications <v+= 5.0 v DC ) 

Basic Comparator 


fVREF - 



TL/H/5226-3 


Comparator 


■ Single supply operation 

■ Sensing at ground 

■ Compatible with CMOS logic family 

■ Pin-out identical to LM339 

Features 

■ Ultra-low power supply current drain (60 jaA) — indepen- 
dent of the supply voltage (75 jaW/comparator at 
+ 5V DC ) 

b Low input biasing current 3 nA 

b Low input offset current ±0.5 nA 

B Low input offset voltage ±2 mV 

h Input common-mode voltage includes ground 
m Output voltage compatible with MOS and CMOS logic 
o High output sink current capability (30 mA at 
Vq= 2 Vpc) 

m Supply Input protected against reverse voltages 


OUTPUT 3 OUTPUT 4 GND INPUT 4+ INPUT 4- INPUT 3+ INPUT 3- 



TOP VIEW 

TL/H/5226-2 

Order Number LP339M for S.O. Package 
See NS Package Number M14A 

Order Number LP339N for Dual-ln-Line Package 
See NS Package Number N14A 


Driving CMOS 


v + 



TL/H/5226-4 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Input Current V| N < -0.3 V D c (Note 3) 50 mA 

contact the National Semiconductor Sales Office/ Operating Temperature Range 0°Cto+70°C 

Distributors for availability and specifications. storage Temperature Range -65“ to + 1 50“C 

Supply Voltage 36 V DC or ± 1 8 V DC Soldering Information: 

Differential Input Voltage ±36 Vqc Dual-ln-Line Package (10 sec.) +260“C 

Input Voltage -0.3 V D c to 36 V D c S.O. Package: 

Power Dissipation (Note 1 ) Molded DIP 570 mW Vapor Phase (60 sec.) +21 5°C 

Output Short Circuit to GND (Note 2) Continuous Infrared (1 5 sec.) + 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” (appendix D) for other methods of 
soldering surface mount devices. 

Electrical Characteristics (v+=5v DC , Note 4) 





Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Offset Voltage 

T a = 25°C (Note 9) 


±2 

±5 

mVoc 

Input Bias Current 

I|N( + ) or Iin(-) with the 

Output in the Linear Range, T A = 25°C (Note 5) 



25 


Input Offset Current 

I|n( + )-I|n(“). T a = 25°C 


| 

±5 


Input Common 

Mode Voltage Range 

T a = 25°C (Note 6) 

0 


VH — 1.5 

Vdc 

Supply Current 

R|_= Infinite on all Comparators, T A = 25°C 


60 

100 


Voltage Gain 

Vo = 1 Vqc to 1 1 Vpc. 

R l = 15 kfl, V+ = 15 V D c. T a = 25°C 


500 


V/mV 

Large Signal 

Response Time 

Vin = TTL Logic Swing, Vref = 1 - 4 Vdc. 

Vrl=5V D c. Rl= 5.1 kn,T A = 25°C 


1.3 


jaSec 

Response Time 

Vrl=5 Vdc. Rl= 5.1 kfl,T A =25°C (Note 7) 


8 


| II 

Output Sink Current 

V| N (-) = 1 Vdc. V| N ( + ) = 0, Vo = 2V DC . 

T a = 25°C (Note 11) 

15 

30 


mAoc 


Vo =0.4 Vdc 

0.20 

0.70 



Output Leakage Current 

V | N ( + ) = 1 Vdc. V| N ( -) = 0 , v 0 = 5 Vdc. t a = 25°C 


0.1 


nAoc 

Input Offset Voltage 

(Note 9) 



±9 

mVoc 

Input Offset Current 

Iin(+)-Iin(“) 


±1 

±15 

nAoc 

Input Bias Current 

Iin(+) or I|n(— ) with Output in Linear Range 


4 

40 

nAoc 

Input Common 

Mode Voltage Range 

Single Supply 

0 


VH — 2.0 

Vdc 

Output Sink Current 

V| N ( - ) = 1 Vdc, V| N ( + ) = 0, Vo = 2 V DC 

10 



mAoc 

Output Leakage Current 

V| N ( + ) = 1 Vdc, V| N (-) = 0, Vo = 30V DC 



1.0 

P-Adc 

Differential Input Voltage 

All V|N’ S ^ 0 Vdc (or V- on split supplies) (Note 8) 



36 

Vdc 

Note 1: For elevated temperature operation, Tj max is 125°C for the LP339. 0j a (junction to ambient) is 175°C/W for the LP339N and 120°C/W for the LP339M 
when either device is soldered in a printed circuit board in a still air environment. The low bias dissipation and the “ON-OFF” characteristic of the outputs keeps the 
chip dissipation very small (Pq £ 1 00 mW), provided the output transistors are allowed to saturate. 

Note 2: Short circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current is approximately 50 mA. 

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP 
transistors becoming forward biased and thereby acting as input clamp diodes. In addition to this diode action, there is also lateral NPN parasitic transistor action 
on the 1C chip. This transistor action can cause the output voltage of the comparators to go to the V + voltage level (or to ground for a large input overdrive) for the 
time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which is negative, again 
returns to a value greater than -0.3 Vdc (Ta=25°C). 

Note 4: These specifications apply for V+=5 Vqc and 0 °C^Ta^ 70° C, unless otherwise stated. The temperature extremes are guaranteed but not 100% 
production tested. These parameters are not used to calculate outgoing AQL. 

Note 5: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output, so 
no loading change exists on the reference or the input lines as long as the common-mode range is not exceeded. 

Note 6: The input common-mode voltage or either input voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode 
voltage range is V+ -1.5V (Ta = 25°C), but either or both inputs can go to 30 Vdc without damage. 

Note 7: The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 1.3 ju,s can be obtained. See Typical Performance 
Characteristics section. 
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Electrical Characteristics <v+ = 5 v DC , Note 4> (continued) 

Note 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range, the 
comparator will provide a proper output state. The low input voltage state must not be less than -0.3 Vqc (or 0.3 Vdc below the magnitude of the negative power 
supply, if used) at Ta = 25°C. 

Note 9: At output switch point, Vo = 1.4V, Rs=0H with V+ from 5 Vdc! and over the full input common-mode range (0 Vdc to V+ -1.5 Vdc)- 

Note 10: For input signals that exceed V + , only the overdriven comparator is affected. With a 5V supply, Vin should be limited to 25V maximum, and a limiting 

resistor should be used on all inputs that might exceed the positive supply. 

Note 1 1: The output sink current is a function of the output voltage. The LP339 has a bi-modal output section which allows it to sink large currents via a Darlington 
connection at output voltages greater than approximately 1 .5 Vdc and sink lower currents below this point. (See typical characteristics section and applications 
section). 


Typical Performance Characteristics 



0 10 20 30 40 

SUPPLY VOLTAGE (V D c) 


Output Sink Current 



0 1 2 3 4 5 

OUTPUT VOLTAGE (Vdc) 



0 10 20 30 40 

V + - SUPPLY VOLTAGE (V D c) 


Response Times for 
Various Input 
Overdrives — 
Negative Transition 



0 5 10 15 20 

TIME (as) 



0.0 0.2 0.4 0.6 0.8 1.0 

OUTPUT VOLTAGE (Vdc) 


Response Times for 
Various Input 
Overdrives — 
Positive Transition 



0 5 10 15 20 

TIME (as) 


TL/H/5226-10 
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Application Hints 

All pins of any unused comparators should be grounded. 
The bias network of the LP339 establishes a drain current 
which is independent of the magnitude of the power supply 
voltage over the range of from 2 Vpc to 30 Vgc- 
It is usually unnecessary to use a bypass capacitor across 
the power supply line. 

The differential input voltage may be larger than V + without 
damaging the device. Protection should be provided to pre- 
vent the input voltages from going negative more than -0.3 
Vpc (at 25°C). An input clamp diode can be used as shown 
in the application section. 

The output section of the LP339 has two distinct modes of 
operation-a Darlington mode and a grounded emitter mode. 
This unique drive circuit permits the LP339 to sink 30 mA at 
Vo = 2 Vpc (Darlington mode) and 700 jiA at Vo = 0.4 Vpc 
(grounded emitter mode). Figure 1 is a simplified schematic 
diagram of the LP339 output section. 



Notice that the output section is configured in a Darlington 
connection (ignoring Q3). Therefore, if the output voltage is 
held high enough (Vq^I Vpc). Q1 is not saturated and the 
output current is limited only by the product of the betas of 
Q1 , Q2 and II (and the 60ft Rsat of Q2). The LP339 is thus 
capable of driving LED’s, relays, etc. in this mode while 
maintaining an ultra-low power supply current of typically 
60 /xA. 

If transistor Q3 were omitted, and the output voltage al- 
lowed to drop below about 0.8 Vpc. transistor Q1 would 
saturate and the output current would drop to zero. The 
circuit would, therefore, be unable to ‘puli’ low current loads 
down to ground (or the negative supply, if used). Transistor 
Q3 has been included to bypass transistor Q1 under these 
conditions and apply the current II directly to the base of 
Q2. The output sink current is now approximately II times 
the beta of Q2 (700 ju,A at Vo = 0.4 Vpc)- The output of the 
LP339 exhibits a bi-modal characteristic with a smooth tran- 
sition between modes. (See Output Sink Current graphs in 
Typical Performance Characteristics section.) 

It is also important to note that in both cases the output is 
an uncommitted collector. Therefore, many collectors can 
be tied together to provide an output OR’ing function. An 
output pull-up resistor can be connected to any available 
power supply voltage within the permitted power supply 
voltage range and there is no restriction on this voltage due 
to the magnitude of the voltage which is applied to the V+ 
terminal of the LP339 package. 


Typical Applications (v+=isv DC ) 


One-Shot Multivibrator 


v + 



4-82 





4-83 


LP339 





Typical Applications (Continued) (Single Supply) 


Buzzer Driver 


Comparator With 60 mA Sink Capability 



12 V 

BUZZER 
-20 mA 


TL/H/5226-24 



Non-Inverting Comparator with Hysteresis 


Inverting Comparator with Hysteresis 


v + 



Comparing Input Voltages 
of Opposite Polarity 


Basic Comparator 

v + 


v+ 



Output Strobing 


v+ 
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Typical Applications (Continued) (Single Supply) 

Transducer Amplifier 


v + 



Split-Supply Applications 
Zero Crossing Detector 


v + 



TL/H/5226-33 


Zero Crossing Detector (Single Power Supply) 


v + 



Comparator With a Negative Reference 


v + 



TL/H/5226-34 
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Instrumentation Amplifiers 
Definition of Terms 


Bandwidth: That frequency at which the voltage gain is re- 
duced to 1A/2 times the low frequency value. 
Common-Mode Rejection Ratio: The ratio of the input 
common-mode voltage range to the peak-to-peak change in 
input offset voltage over this range. 

Harmonic Distortion: That percentage of harmonic distor- 
tion being defined as one-hundred times the ratio of the 
root-mean-square (rms) sum of the harmonics to the funda- 
mental. % harmonic distortion = 

(V2 2 + V3 2 + V4 2 + . . ,)1/2 (100%) 

VI 

where VI is the rms amplitude of the fundamental and V2, 
V3, V4, . . . are the rms amplitudes of the individual harmon- 
ics. 

Input Bias Current: The average of the two input currents. 
Input Common-Mode Voltage Range: The range of volt- 
ages on the input terminals for which the amplifier is opera- 
tional. Note that the specifications are not guaranteed over 
the full common-mode voltage range unless specifically 
stated. 

Input Impedance: The ratio of input voltage to input current 
under the stated conditions for source resistance (Rg) and 
load resistance (R|_). 

Input Offset Current: The difference in the currents into 
the two input terminals when the output is at zero. 

Input Offset Voltage: That voltage which must be applied 
between the input terminals through two equal resistances 
to obtain zero output voltage. 

Input Resistance: The ratio of the change in input voltage 
to the change in input current on either input with the other 
grounded. 

Input Voltage Range: The range of voltages on the input 
terminals for which the amplifier operates within specifica- 
tions. 


Large-Signal Voltage Gain: The ratio of the output voltage 
swing to the change in input voltage required to drive the 
output from zero to this voltage. 

Output Impedance: The ratio of output voltage to output 
current under the stated conditions for source resistance 
(Rg) and load resistance (RJ. 

Output Resistance: The small signal resistance seen at the 
output with the output voltage near zero. 

Output Voltage Swing: The peak output voltage swing, re- 
ferred to zero, that can be obtained without clipping. 

Offset Voltage Temperature Drift: The average drift rate 
of offset voltage for a thermal variation from room tempera- 
ture to the indicated temperature extreme. 

Power Supply Rejection: The ratio of the change in input 
offset voltage to the change in power supply voltages pro- 
ducing it. 

Settling Time: The time between the initiation of the input 
step function and the time when the output voltage has set- 
tled to within a specified error band of the final output volt- 
age. 

Slew Rate: The internally-limited rate of change in output 
voltage with a large-amplitude step function applied to the 
input. 

Supply Current: The current required from the power sup- 
ply to operate the amplifier with no load and the output mid- 
way between the supplies. 

Transient Response: The closed-loop step-function re- 
sponse of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from dc to the 
frequency where the amplifier open loop gain rolls off to 
one. 

Voltage Gain: The ratio of output voltage to input voltage 
under the stated conditions for source resistance (Rg) and 
load resistance (R[_). 
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Instrumentation Amplifiers Selection Guide 
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Instrumentation Amplifiers 
Selection Guide 


Part Number 

Gain Error (Max) 

| Gain Linearity (Typ) 

CMRR dB (Min) 


T A = 25° C 

LH0036 /x Power 

3% 

0.03% 

46 

125 

LH0038 

3% 

0.0001 % 

86 

100 

LH0084 

0.3% 

0.005% 

80 

0.500 

LM363 

2.5% 

0.01 % 

90 

10 


Note 1: Datasheet should be referred to for test conditions and more detailed information. 
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LH0036/LH0036C Instrumentation Amplifier 


General Description 

The LH0036/LH0036C is a true micro power instrumenta- 
tion amplifier designed for precision differential signal pro- 
cessing. Extremely high accuracy can be obtained due to 
the 300 Mil input impedance and excellent 100 dB common 
mode rejection ratio. It is packaged in a hermetic TO-8 
package. Gain is programmable from 1 to 1 000 with a single 
external resistor. Power supply operating range is between 
±1V and ±18V. Input bias current and output bandwidth 
are both externally adjustable or can be set by internally set 
values. The LH0036 is specified for operation over the 
— 55°C to + 1 25°C temperature range and the LH0036C is 
specified for operation over the -25°C to +85°C tempera- 
ture range. 


Features 


■ High input impedance 

300 M CL 

■ High CMRR 

100 dB 

■ Single resistor gain adjust 

1 to 1000 

■ Low power 

90 jllW 

■ Wide supply range 

±1V to ± 18V 

■ Adjustable input bias current 


■ Adjustable output bandwidth 


■ Guard drive output 



Equivalent Circuit and Connection Diagrams 


INPUT GUARD 

BIAS 0RIVE BANDWIDTH 

ADJUST OUTPUT CONTROL V + V" 



GUARD DRIVE 

OUTPUT BANDWIDTH 




TOP VIEW 

Order Number LH0036G or LH0036CG 
See NS Package Number G12B 


TL/H/5545-1 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 5) 

Supply Voltage ± 1 8 V 

Differential Input Voltage ± 30V 

I nput Voltage Range ± Vs 

Shield Drive Voltage ± Vs 

CMRR Preset Voltage ± Vs 

Electrical Characteristics (Notes 1 and 2) 


CMMR Trim Voltage 
Power Dissipation (Note 3) 

Short Circuit Duration 
Operating Temperature Range 
LH0036 
LH0036C 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 
ESD rating to be determined. 


— 55°C to + 125°C 
— 25°C to +85°C 
-65°C to 4- 1 50°C 
260°C 






























Electrical Characteristics (Notes 1 and 2) (Continued) 




Limits 


Parameter 

Conditions 

LH00336 

LH0036C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


PSRR 

±5.0V<; V s ^ ±15V, A v = 1.0 


1.0 

2.5 


1.0 

5.0 

mV/V 


±5.0V <; V s £ ± 1 5V, A v = 100 


0.05 

0.25 


0.10 

0.50 

mV/V 

CMRR 

Ay = 1.0 DC to 


1.0 

2.5 


2.5 

5.0 

mV/V 


A v = 10 100 Hz 


0.1 

0.25 


0.25 

0.50 

mV/V 


Ay =100 ARs := 1.0k 


50 

100 


50 

100 

juiV/V 

Output Voltage 

V s = ± 15V, R l = 10 ka 

±10 

±13.5 


±10 

±13.5 


V 


V s = ± 1.5V, R l = 100 kn 

±0.6 

±0.8 


±0.6 

±0.8 


V 

Output Resistance 



0.5 



0.5 


a 

Supply Current 



300 

400 


400 

600 

jaA 

Small Signal Bandwidth 

A v = 1.0 , R l = lOka 


350 



350 


kHz 


A v = 10, R l = 10 k a 


35 



35 


kHz 


Ay = 100, R l = 10 ka 


3.5 



3.5 


kHz 


Av = 1000, R|_ = 10 ka 


350 



350 


Hz 

Full Power Bandwidth 

V, N = ±10V, R l = 10k, A v = 1 


5.0 



5.0 


kHz 

Equivalent Input Noise 
Voltage 

0.1 Hz <f < 10kHz, 

R s < 50a 


20 


| 

20 


p.V/p-p 

Slew Rate 

AV| N = ±10V, 

R l = 10 ka, A v = i.o 


0.3 



0.3 


V/ jllS 

Settling Time 

To ±10 mV, R l = 10 ka, 

AVqut = 1 -0V 









Av = 1.0 


3.8 



3.8 


JLtS 


Av = 100 


180 



180 


jxS 


Note 1: Unless otherwise specified, all specifications apply for Vs= ± 15V, Pins 1, 3, and 9 grounded, -25°C to +85°C for the LH0036C and -55°C to + 125°C 
for the LH0036. 

Note 2: All typical values are for Ta = 25°C. 

Note 3: The maximum junction temperature is 1 50°C. For operation at elevated temperature derate the G package on a thermal resistance of 90°C/W, above 25°C. 
Note 4: Ay = 1 000 guaranteed by design and testing at Ay = 1 00. 

Note 5: Refer to RETS0036G for LH0036G military specifications. 
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Typical Applications 

Pre MUX Signal Conditioning 




Thermocouple Amplifier with Cold Junction Compensation 



+15V 


tomvrc 

OUTPUT 


Process Control Interface 


4 20 mA 
CURRENT 
LOOP 


*Avcl = 63 


I 



High Pass Filter 

GAIN 
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Applications Information 

THEORY OF OPERATION 



The LH0036 is a 2 stage amplifier with a high input imped- 
ance gain stage comprised of A-\ and A2 and a differential to 
single-ended unity gain stage, A3. Operational amplifier, A-|, 
receives differential input signal, e-|, and amplifies it by a 
factor equal to (R1 + Rg)/Rg- 

Ai also receives input e2 via A2 and R2. e 2 is seen as an 
inverting signal with a gain of R1 /Rq. Ai also receives the 
common mode signal ecM and processes it with a gain of 
+ 1 . 

Hence: 


w fm+Rg Ri , 

e 2 + e CM 

By similar analysis V2 is seen to be: 
w R2 + R G R2 , 

v 2 = — e 2 --e 1 + e CM 


For R1=R2: 

v 2 - v 1 


[(f) 


+ 1 (e 2 — e-|) 


(1) 

( 2 ) 

(3) 


typically 0.3V/jutS and small signal bandwidth 350 kHz for 
a vcl = 1 - |n some applications, particularly at low frequen- 
cy, it may be desirable to limit bandwidth in order to mini- 
mize the overall noise bandwidth of the device. A resistor 
Rbw may be placed between pin 1 and ground to accom- 
plish this purpose. Figure 2 shows typical small signal band- 
width versus Rbw- 



R B w - RESISTANCE FROM PIN 1 TO GROUND (12> 

TL/H/5545-5 

FIGURE 2. Bandwidth vs Rbw 

It also should be noted that large signal bandwidth and slew 
rate may be adjusted down by use of Rbw- Figure 3 is plot 
of slew rate versus Rbw- 



TL/H/5545-6 

FIGURE 3. Output Slew Rate vs Rbw 


CMRR CONSIDERATIONS 


Also, for R3 = R5 = R4 = R6, the gain of A3 = 1, and: 

e 0 = (1)(V 2 -V 1 ) = (e 2 -e 1 )[l + (^)] (4) 

As can be seen for identically matched resistors, e G M is 
cancelled out, and the differential gain is dictated by equa- 
tion (4). 

For the LH0036, equation (4) reduces to: 


Avcl = 


e 0 t 50k 

e 2 ~ 6! R G 


(5a) 


The closed loop gain may be set to any value from 1 
(r g = oo) to 1000 (R G = 50a). Equation (5a) re-arranged in 
more convenient form may be used to select Rq for a de- 
sired gain: 


50k 

G A V cl ~ 1 


(5b) 


USE OF BANDWIDTH CONTROL (pin 1) 

In the standard configuration, pin 1 of the LH0036 is simply 
grounded. The amplifier’s slew rate in this configuration is 


Use of Pin 9, CMRR Preset 

Pin 9 should be grounded for nominal operation. An internal 
factory trimmed resistor, R6, will yield a CMRR in excess of 
80 dB (for Avcl = 100)- Should a higher CMRR be desired, 
pin 9 should be left open and the procedure, in this section 
followed. 

DC Off-set Voltage and Common Mode Rejection Ad- 
justments 

Off-set may be nulled using the circuit shown in Figure 4. 
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Applications Information (Continued) 

Pin 8 is also used to improve the common mode rejection 
ratio as shown in Figure 5. Null is achieved by alternately 
applying ±10V (for V+ & V~ = 15V) to the inputs and ad- 
justing R1 for minimum change at the output. 


♦15V 



TL/H/5545-8 

FIGURE 5. CMRR Adjustment Circuit 

The circuits of Figure 4 and 5 may be combined as shown in 
Figure 6 to accomplish both Vqs and CMRR null. However, 
the Vqs and CMRR adjustment are interactive and several 
iterations are required. The procedure for null should start 
with the inputs grounded. 


+15V 



-15V 

TL/H/5545-10 

FIGURE 6. Combined CMRR, Vqs Adjustment Circuit 

R2 is adjusted for Vqs null. An input of +10V is then ap- 
plied and R1 is adjusted for CMRR null. The procedure is 
then repeated until the optimum is achieved. 

A circuit which overcomes adjustment interaction is shown 
in Figure 7. In this case, R2 is adjusted first for output null of 
the LH0036. R1 is then adjusted for output null with +10V 
input. It is always a good idea to check CMRR null with a 
-10V input. The optimum null achievable will yield the high- 
est CMRR over the amplifiers common mode range. 


♦15V 



‘Note: Nominal value R1 to Achieve Optimum CMRR is 3.0 kft 

FIGURE 7. Improved Vqs> CMRR Nulling Circuit 


AC CMRR Considerations 

The ac CMRR may be improved using the circuit of Figure 8. 


♦15V 



TL/H/5545-9 

FIGURE 8. Improved AC CMRR Circuit 

After adjusting R1 for best dc CMRR as before, R2 should 
be adjusted for minimum peak-to-peak voltage at the output 
while applying an ac common mode signal of the maximum 
amplitude and frequency of interest. 

INPUT BIAS CURRENT CONTROL 

Under nominal operating conditions (pin 3 grounded), the 
LH0036 requires input currents of 40 nA. The input current 
may be reduced by inserting a resistor (Rb) between 3 and 
ground or, alternatively, between 3 and V - . For Rb returned 
to ground, the input bias current may be predicted by: 


•bias = 


V+ - 0.5 
4 X 108 + 800 R b 


or 


Rb = 


V+ — 0.5 — (4 X 1Q8) (1 B , AS ) 
800 I B |as 


Where: 


(6a) 


(6b) 


Ibias = Input Bias Current (nA) 

R b = External Resistor connected between 
pin 3 and ground (Ohms) 

V+ = Positive Supply Voltage (Volts) 

Figure 9 is a plot of input bias current versus R b . 



10k 100k 1.0M 10M 100M 

R b - RESISTANCE FROM PIN 3 TO GROUND (12) 

TL/H/5545-12 

FIGURE 9. Input Bias Current as a Function of Rb 

As indicated above, R B may be returned to the negative 
supply voltage. Input bias current may then be predicted by: 


•bias 


(V+ - V-) - 0.5 

4 X 108 + 800 R b 
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Applications Information (Continued) 

or 

R = (V + ~ V~) ~ 0-5 - (4 X 1Q8)(I B | AS ) 

B 800 Ibias 

Where: 


In a typical application, Vg = ±15V, Ibi - Ib 2= 40 nA, the 
total current, lj, would flow through Riso causing a voltage 
(8) rise at point A. For values of Riso^ 1 50 Mft, the voltage at 
point A exceeds the + 12V common range of the device. 
Clearly, for R|so = 00 . the LH0036 would be driven to posi- 
tive saturation. 


Ibias = Input Bias Current (nA) 

Rg= External resistor connected between 
pin 3 and V - (Ohms) 

V+ = Positive Supply Voltage (Volts) 

V - = Negative Supply Voltage (Volts) 



R b - RESISTANCE FROM PIN 3 V“ (12) 


TL/H/5545-13 

FIGURE 10. Input Bias Current as a Function of Rq 

Figure 10 is a plot of input bias current versus Rb returned 
to V~ it should be noted that bandwidth is affected by 
changes in Rb- Figure 11 is a plot of bandwidth versus Rb- 



10k 100k 1.0M 10M 100M 

R b - RESISTANCE FROM PIN 3 TO GROUND (<!> 


TL/H/5545-14 

FIGURE 11. Unity Gain Bandwidth as a Function of Rq 


BIAS CURRENT RETURN 
PATH CONSIDERATIONS 

The LH0036 exhibits input bias currents typically in the 40 
nA region in each input. This current must flow through Riso 
as shown in Figure 12. 



The implication is that a finite impedance must be supplied 
between the input and power supply ground. The value of 
the resistor is dictated by the maximum input bias current, 
and the common mode voltage. Under worst case condi- 
tions: 


Riso ^ 


VcMR - VcM 
It 


(9) 


Where: 

Vcmr = Common Mode Range (10V for 
the LH0036) 

Vcm = Common Mode Voltage 
It = Ibi + *B2 

In applications in which the signal source is floating, 
such as a thermocouple, one end of the source may be 
grounded directly or through a resistor. 

GUARD OUTPUT 

Pin 2 of the LH0036 is provided as a guard drive pin in those 
stringent applications which require very low leakage and 
minimum input capacitance. Pin 2 will always be biased at 
the input common mode voltage. The source impedance 
looking into pin 2 is approximately 15 kn. Proper use of the 
guard/shield pin is shown in Figure 13. 

♦15V 



For applications requiring a lower source impedance than 
15 kH, a unity gain buffer, such as the LH0002 may be 
inserted between pin 2 and the input shields as shown in 
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v oos=[ Vos |a vcl=1 ]-[ 

Overall Offset Voltage: 

Voos 


Vos 


A V cl=100°] 


Vos = Vios + 


AvCL 


Definition of Terms 

Bandwidth: The frequency at which the voltage gain is re- 
duced to 0.707 of the low frequency (dc) value. 

Closed Loop Gain, Avcl : The ratio of the output voltage 
swing to the input voltage swing determined by Avcl = 1 + 
(50I</Rg). Where: Rq = Gain Set Resistor. 

Common Mode Rejection Ratio: The ratio of input voltage 
range to the peak-to-peak change in offset voltage over this 
range. 

Gain Equation Accuracy: The deviation of the actual 
closed loop gain from the predicted closed loop gain, Avcl 
= 1 + (50k/ R q) for the specified closed loop gain. 

Input Bias Current: The current flowing at pin 5 and 6 un- 
der the specified operating conditions. 

Input Offset Current: The difference between the input 
bias current at pins 5 and 6; i.e. Iqs — |ls — lel> 

Input Stage Offset Voltage, V|os= The voltage which must 
be applied to the input pins to force the output to zero volts 
for Avcl = 100. 

Output Stage Offset Voltage, Vqos : The voltage which 
must be applied to the input of the output stage to produce 
zero output voltage. It can be measured by measuring the 
overall offset at unity gain and subtracting Viqs- 


Power Supply Rejection Ratio: The ratio of the change in 
offset voltage, Vos. to the change in supply voltage produc- 
ing it. 

Resistor, Rb: An optional resistor placed between pin 3 of 
the LH0036 and ground (or V - ) to reduce the input bias 
current. 

Resistor, Rbw : An optional resistor placed between pin 1 
of the LH0036 and ground (or V - ) to reduce the bandwidth 
of the output stage. 

Resistor, Rq: A gain setting resistor connected between 
pins 4 and 7 of the LH0036 in order to program the gain 
from 1 to 1000. 

Settling Time: The time between the initiation of an input 
step function and the time when the output voltage has set- 
tled to within a specified error band of the final output volt- 
age. 
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Corporation 


* 


LH0038/LH0038C True Instrumentation Amplifier 


General Description 

The LH0038/LH0038C is a precision true instrumentation 
amplifier (TIA) capable of amplifying very low level signals, 
such as thermocouple and low impedance strain gauge out- 
puts. Precision thin film gain setting resistors are included in 
the package to allow the user to set the closed-loop gain 
from 100 to 2000. Since the resistors are of a homogeneous 
single chip construction, they track almost perfectly so that 
temperature variations of closed loop gain are virtually elimi- 
nated. 

LH0038 exhibits excellent CMRR, PSRR, gain linearity, as 
well as extremely low input offset voltage, offset voltage 
drift and input noise voltage. 


The devices are provided in a hermetically sealed 16-lead 
DIP. The LH0038 is guaranteed from -55°C to -f 125°C; 
whereas the LH0038C is guaranteed from -25°C to 
+ 85°C. 

Features 

■ Ultra-low input offset voltage 25 jmV typ., 100 jmV max 

■ Ultra-low input offset drift 0.25 ju,V/°C max 

■ Ultra-low input noise 0.2 ju-Vp-p 

■ Pin strap gain options 100, 200, 400, 500, Ik, 2k 

■ Excellent PSRR and CMRR 120 dB 


Simplified Schematic Diagram 


2 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


(Note 4) 

Supply Voltage ± 1 8V 

Differential Input Voltage (Note 1 ) ± 1 V 

Input Voltage ±V$ 

Power Dissipation (Note 3) 500 mW 


Short Circuit Duration 
Operating Temperature Range 
LH0038 
LH0038C 


Continuous 

— 55°C to + 125°C 
— 25°C to +85°C 


Storage T emperature — 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 260°C 

ESD rating to be determined. 


DC Electrical Characteristics (Note 2 ) 


Symbol 

Parameter 

Conditions 

LH0038 

LH0038C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

v IOS 

Input Offset Voltage 

Rg = 50n 

V CM = 0V 

T a = 25°C 


25 

100 


30 

150 

**v 




125 



220 

AVios/AT 

Input Offset Voltage 
Tempco 


0.1 

0.25 


0.2 

1.0 

JLtV/°C 

V OOS 

Output Offset Voltage 

T a = 25°C 


3 

10 


5 

25 

mV 




15 



30 

AVoos/AT 

Output Offset Voltage 
Tempco 


25 



25 


julV/°C 

•b 

Input Bias Current 


T a = 25°C 


50 

100 


50 

100 

nA 




200 



200 

•os 

Input Offset Current 


T a = 25°C 


2 

5 


7 

10 




8 



15 

ai b /at 

Input Bias Current 
Tempco 


500 



500 


pA/°C 

AvCL 

Closed Loop Gain 

Gain Pins Jumpered 







V/V 

None 


100 



100 


6-10 


200 



200 


6-9, 10-5 


400 



400 


6-10, 5-9 


500 



500 


7-10 


1000 



1000 


8-10 


2000 



2000 



Closed Loop Gain 

Error 

A V cl = 100,200 


0.1 

0.3 


0.1 

0.4 

% 

AycL = 400, 500 


0.2 

0.3 


0.2 

0.6 

AvCL = 1000 


0.3 

0.5 


0.5 

1.0 

AvCL = 2000 


1.0 

2.0 


1.5 

3.0 


Gain Temperature 
Coefficient 

II 

_l 

o 

< 


7 


i 

7 


ppm/°C 


Gain Nonlinearity 

100 ^ Avcl £ 2k 


1 



1 


ppm 

V INCM 

Common-Mode Input 
Voltage Range 


±10 

±12 


±10 

±12 


V 

v 0 

Output Voltage 

Rl_ ^ 10 kft 

±10 

±12 


±10 

±12 


v s 

Supply Voltage Range 


±5 


±18 

±5 


±18 


Guard Voltage Error 

-10V<V CM < +10V 


±10 

±100 


±10 

±100 

mV 

CMRR 

Common-Mode 
Rejection Ratio 

> 

o 

+1 

II 

z 

> 

Avcl = ioo 

94 

110 


86 

110 


dB 

Avcl = 1000 

114 

120 


106 

110 


PSRR 

Power Supply 

Rejection Ratio 

±5V<; av s <; ± 15V 

Avcl = ioo 

94 

110 


94 

110 


Avcl = 1000 
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DC Electrical Characteristics (Note 2 ) (continued) 

Symbol Parameter Conditions 

lose Output Short Ta = 25°C 

Circuit Current 

Is Supply Current Ta = 25°C 

RiN DIFF Input Resistance Avcl = 1000. Ta = 25°C 


Symbol 

Parameter 

lose 

Output Short 

Circuit Current 

Is 

Supply Current 

R| N DIFF 

Input Resistance 

R| N CM 

Common-Mode Input 
Resistance 

Rout 

Output Resistance 


LH0038 | 

LH0038C | 


Min 

Typ 

Max 

Min 

Typ 

Max 


±2 

±5 

±10 

±2 

±5 

±10 

mA 


1.6 

2.0 


1.6 

3.0 



5 



5 


Mn 


1 



1 




1 



1 


mil 


AC Electrical Characteristics v s = ±isv, t a = 25*0 

Symbol Parameter Comment 

e n Equivalent Input Noise Voltage Figure 1 Rs = 

Figure 1 


Parameter 

Equivalent Input Noise Voltage 

Equivalent Input Spot Noise 
Voltage 


Large Signal Bandwidth 

Slew Rate 

Settling Time to 0.01 % 


Conditions 

Rs ~ 0, f = 0-1 to 10Hz 
R s = 100a f = 


Figure 13 


Equivalent Input Spot 
Noise Current 


VpUT - ± 10V 
Vqut ~ ±10V 


AV OUT 

R S = 100 MU 


f = 10 Hz 

6.5 

f = 100 Hz 

6.0 

f = 1 kHz 

6.0 

f = 10 kHz 

6.0 


1.6 


0.3 

20V Step 

120 

-10V Step 

80 

+ 10V Step 

60 

Avcl =100 

6 

Avcl = 1000 

13 

f = 10 Hz 

0.1 


Note 1: The inputs are protected by diodes for overvoltage protection. Excessive currents will flow for differential voltages in excess of ± 1 V. Input current should 
be limited to less than 10 mA. 

Note 2: Unless otherwise noted these specifications apply for V§ = ± 1 5.0V, pin 1 5 connected to pin 1 , pin 1 6 connected to ground, over the temperature range 
-55°C to + 125°C for the LH0038 and -25°C to +85°C for LH0038C. Ta = Tj unless otherwise specified. 

Note 3: See Typical Performance Characteristics for Thermal Resistance Information. 

Note 4: Refer to RETS0038D for LH0038D military specifications. 


Connection Diagram 


Dual-ln-Line Package 


OFFSET ADJUST 



NON. INV. INPUT 


Top View 

’Guard output is connected to the case. 

Order Number LH0038 or LH0038CD 
See NS Package Number D16D 
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Typical Performance Characteristics 



TEMPERATURE ( C) 



-15 -10 -5 0 5 10 15 


COMMON MODE INPUT VOLTAGE (V) 



0 5 10 15 20 

SUPPLY VOLTAGE (*V DC ) 


Closed Loop Frequency 


Response 



100 Ik 10k 100k 1M 


FREQUENCY (Hz) 


Common-Mode Rejection 

s 140 

i 120 
< 

= 100 

0 

E 80 
« 60 
§ 40 

1 20 
e 

o 

° 0 

10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Power Supply Rejection 




Input Noise Voltage 
(Includes Source Impedance) 


1 1 TTTTI11 — 

ys = ;!5 V 






T 

S ' 

A = 

25 C 





1 










































10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Output Swing 



0 2 4 6 8 

OUTPUT CURRENT ('mA) 


Supply Current 



SUPPLY VOLTAGE ('V) 

TL/H/5543-3 


Wide Band Noise 



TL/H/5543-4 

V s = ± 15V, R s = 1 kft, A v = 10k, DUT = Ik 
Vertical sensitivity: 0.1 juV/CM 
Horizontal sensitivity: 5 s/CM 
Bandwidth: 0.1 Hz to 10 Hz 


Pulse Response 



TL/H/5543-5 


V S = ±15V 
r l ^ io kn 
a V cl = i k 


Rise Time 



TL/H/5543-6 


V S = +15V 
R l ^ ioka 
A V CL = 1 k 
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Noise Test Circuit 

X Ik X10 


TEKTRONIX 7623 



TL/H/5543-7 

FIGURE 1 


Typical Application 



Applications Information 

THEORY OF OPERATION 

The LH0038 is a 3-stage, true instrumentation amplifier 
composed of a well matched transistor differential pair, Q1 
and Q2, a common-mode loop amplifier, A2 and A3, and a 
differential to single ended amplifier, A4. A simplified sche- 
matic is shown in Figure 3. 

Current source, I a, establishes a voltage across R14 of ap- 
proximately 2 V, which results in a 2V drop across R8 and 
R12. This constant voltage forces the first stage current to 


be 20 juA per side. The action of A2 and A3 is such that 
20 jaA is maintained constant despite the presence of com- 
mon-mode signals. The differential outputs of A2 and A3 are 
applied to differential amplifier, A4, which converts the sig- 
nal to a single-ended output and provides gain of 5. The 
total gain of the amplifier is, therefore, the fixed gain of 5 
multiplied by the gain of the composite input stage. 
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Applications Information (Continued) 


v + 



The closed loop gain of the composite amplifier may be 
better understood by referring to Figure 3. The Q1 -A2 loop 
may be viewed as differential amplifier with the inverting 
input at the base and non-inverting input at the emitter. 
Combining small signal AC and large signal DC analysis = 
fR17 + R e \ 


vl 


-(=TS*) 


Re 

+ E CM - Vbei 
By similar analysis: 

f R16 + Re 


— e2 


m2 




Re 


m 

)-(S) 


l-|R17 


(D 


( 2 ) 


+ E CM ~ V B E 2 ~ I2RI6 

For li = I2 , R17 = R16, Vbei = V BE2» subtracting equa- 
tion (1 ) from (2) results in: 

f R16 + Re'\ 


v2 - vl = (e2 - el) 




+ (e2 




v2 - vl 


Re- 
2 R16 


■ + 1 


(3) 


(4) 


e2 - el Re 
T he differential input voltage (v2 - vl) is amplified by the 
closed loop gain of A4: 

©OUT = (AvCL4) ( e2 - el) (5) 

where: 

AVCL4 = ^ = 5.00 


AvCL = 5 



(6) 


As an example, with all gain pins open, Re = 10.525 kft, 
and; 

AVCL = 5 ( (2)( ^°° k) + 1) = 100.0 (7) 

All other closed loop gain configurations place a precision 
resistor in parallel with Re(R9 + R10). For example, for a 
gain of 200, pin 6 is connected to pin 10 and the gain is 
predicted by: 

f (2) (100k) I 

Avcl “ 5.00 [ (1Q 526) || (10 000k ) + 1 J (8 ) 

= (5.00) (40) = 200 


CLOSED LOOP GAIN CONSIDERATIONS 
USING INTERNAL RESISTORS 

Table 1 summarizes the primary gain configurations avail- 
able with the LH0038. Obviously, other gains are possible. 
Using the internally supplied resistors has the advantage 
that R16, R17, and Re all track thermally, minimizing the 
device’s gain error as a function of temperature. 

Gain adjustment by paralleling or series padding internally 
supplied resistors is generally discouraged since external 
resistors will generally not thermally track. It is recommend- 
ed that the gain adjustment be done in a subsequent stage 
as shown in Figure 4. 
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x 1000 

15V 



FIGURE 4. Recommended Gain Adjust Circuit 


TL/H/5543-10 


TABLE I. LH0038 Internal Gain Configurations 


Overall 

Gain 

First 

Stage 

Gain 

Pin 

Configuration 

Effective 

Re 

100 

20 

All Gain Pins Open 

10.5260 ka 

200 

40 

Pin 6 to Pin 10 

5.1281 ka 

400 

80 

Pin 6 to Pin 9, Pin 1 0 to Pin 5 

2.5316 ka 

500 

100 

Pin 6 to Pin 10, Pin 9 to Pin 5 

2.0202 ka 

1000 

200 

Pin 7 to Pin 10 

1.0050 ka 

2000 

400 

Pin 8 to Pin 10 

0.5013 ka 


GUARD DRIVE 

The LH0038 is provided with a guard drive output, which will 
always be at the input common-mode voltage. The guard 


drive amplifier is short-circuit proof and is capable of driving 
several thousand pF without danger of latch-up or oscilla- 
tion. 

The guard drive tied to a shielded input cable will greatly 
reduce noise pick-up, and also improve AC CMRR by main- 
taining the shield at the common-mode voltage. Figure 5 
illustrates the proper use of the guard drive. The guard drive 
output is also connected to the case to provide electrostatic 
shielding to the system. 

REMOTE OUTPUT SENSE 

The feedback network of the LH0038 may be closed directly 
at the load in order to eliminate errors due to lead resist- 
ance. Also, a unity gain buffer; e.g. LH0002, may be includ- 
ed within the feedback loop to increase output current capa- 
bility as shown in Figure 7. 
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V QUT 


TL/H/5543-12 


FIGURE 6. Remote Sense Connection 



1 v 0UT 


I o lit - 10® 


FIGURE 7. Output Buffer Connection 


TL/H/5543-13 


OFFSET NULL 

Offset of the LH0038 is trimmed by the factory to a very low 
value. The offset may be further trimmed using a 10 kft, 10 
turn, 100 ppm/°C potentiometer as shown in Figure 8. How- 
ever, a drift increase of 0.3 juV/°C will be caused for each 
100 /xV of offset adjusted. The recommended offset null is 
shown in Figure 4 and is accomplished in the following 
stage. 

BIAS CURRENT CONSIDERATIONS 

The LH0038 exhibits bias current of approximately 50 nA 
per side, and requires a path to ground or supply. The prac- 
tical limitation to the maximum resistance between the in- 
puts and ground is dictated by negative common-mode 
range as shown in Figure 9. For example, for Vqm = —10V, 
Rcm ^ 20 Mfl. 

The LH0038 input stage bias was optimized for minimum 
voltage noise so the input bias currents are higher than 
might otherwise be expected. Note, however, that the input 
currents are very well matched, resulting in an offset current 
value much lower than one might infer from the bias current. 
In order to take advantage of this low offset current, the 
source impedances at both inputs should be matched to 
minimize DC drift. Further, bias current is relatively constant 
with temperature (as opposed to an FET stage), so one can 
consider bias current compensation schemes such as 
shown in Figure 10. The danger with such techniques is that 
the offset current and noise contributed by the bias current 
compensator will dominate the system noise. 



VQUT 


TL/H/5543-14 


FIGURE 8. Offset Adjust Circuit 
(See also Figure 4 ) 
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15V 



-15V 

FIGURE 10. Bias Current Compensation 


TL/H/5543-16 


SETTLING TIME 

The LH0038 has been purposely over-compensated, and is 
therefore remarkably free from any undesirable transient re- 
sponse. Small signal settling time is governed by gain-band- 
width product; large signal settling time is dominated by 
slew rate. 

Figure 1 1 shows an input voltage step of + 1 0V to -10V 
applied, through a 1000 to 1 voltage divider, to the device 
configured for an inverting gain of 1 000. The output of the 
device will therefore be equal to the negative of the input 
after the device is completely settled. By resistively sub- 
tracting the input before the divider from the device output, 
a pseudo summing node is generated. The voltage at this 
pseudo summing junction goes “off screen” on the photos, 
since in the first small time increment the input goes instan- 
taneously to -10 mV and the output is still at + 10V. About 
1 30 juis after the input has gone negative, the output slews 
back in range and begins an exponential approach to the 
final value. Figure 12 is the same set-up for a - 1 0V to 
+ 10V input pulse. Note that there is no overshoot in either 
case. The test circuit is shown in Figure 13. 

HIGH FREQUENCY CMRR 

The LH0038 resistor ratios are carefully trimmed for opti- 
mum CMRR at DC through 60 Hz. Inevitably, this rejection 
will degrade at higher frequencies due to 2 separate effects: 
stray capacitance mismatch and slew rate limiting in the in- 


put stage. In most discrete instrumentation amplifier realiza- 
tions, the stray capacitance mismatch dominates simply be- 
cause the stray capacitances are relatively large (this can 
be trimmed out in a discrete amplifier). In a hybrid circuit 
such as the LH0038, stray capacitance is minimized, so the 
effects of mismatch are also minimized. 

The response to a pulse or noise spike applied as a com- 
mon-mode signal may be dominated by the slew character- 
istics of the input stage. Whenever the common-mode input 
slew rate exceeds 0.2 V/jus, the 2 input amplifiers will apply 
identical ramp signals to the final stage and cause its output 
to go to near 0V. Note that the amplifier is not really active 
under these conditions as normal mode signal variations will 
not be coupled to the output. Some time may be required for 
the amplifier to settle after a transient of this kind before the 
output can be considered representative of the input. Slew 
rate limiting will not normally be the limiting factor for sine 
wave common-mode signals as 0.2 V/jus corresponds to 
about 2 kHz (20 Vp-p). 

POWER SUPPLY DECOUPLING 

Although the LH0038 exhibits in excess of 120 dB PSRR at 
DC, the figure degrades to 100 dB at 120 Hz. It is recom- 
mended that both V+ and V~ leads be by-passed with 1 julF 
electrolytic in shunt with 0.01 jitF ceramic disc no further 
than 1 inch from the device. 
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t s . Ay — 100, V, N = -20V 

FIGURE 11. Settling Time 


TL/H/5543-17 



t s , A v = 100, V| N = -20V 

FIGURE 12. Settling Time 


TL/H/5543-18 



FIGURE 13. Settling Time Test Circuit 


Tl/H/5543-19 
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Definition of Terms 

Bandwidth: That frequency at which the voltage gain is re- 
duced to 3 dB below the low frequency. 

Common-Mode Rejection Ratio, CMRR: The ratio of the 
input common-mode voltage range to the peak-to-peak 
change in input offset voltage over this range. 

Input Offset Voltage, V|os : The voltage which must be 
applied to the inputs to force the outputs of the input stage 
to OV. V|os can be calculated by measuring Vqs at closed 
loop gains of 100 and 2000 and using the following equa- 
tion: 

(V 0S ) 2k - (V OS ) 100 
V|0S = 1^0 

Where: 

(Vos)2k = overall offset voltage for Avcl = 2k. 
(Vos) 100 = overall offset voltage for Avcl = 10 °- 
Gain Non-Linearity: The deviation of the gain from a 
straight line drawn through the end points expressed as a 
percent of full-scale (10V for operations on ±15V supply). 
Note that this is a more stringent specification than devia- 
tion from the best straight line and is double the number that 
would be specified if the percentage were based on a 20V 
( ± 1 0V) range. 

Guard Voltage Error: The voltage difference between the 
guard drive output and the average of the 2 input voltages. 
Input Bias Current, Ib: The average of the 2 input currents. 
Input Common-Mode Voltage Range, V|ncm : The range 
of voltages on the input terminals for which the amplifier is 
operational. Note that the specifications are not guaranteed 
over the full common-mode voltage range unless specifical- 
ly stated. 

Input Offset Current, Iqs: The difference in the currents 
into the 2 input terminals when the output is at zero. 

Input Resistance: The ratio of the change in input voltage 
to the change in input current on either input with the other 
grounded. 

Overall Offset Voltage, Vqs= The output voltage when 
both inputs are connected to 0V. Vqs is composed of input 
amplifier offset voltage effects, V|qs> and output amplifier 
effects, Vqos- If is given by: 

Vos = (Avcl) (Vios) ~ Vqos 

Where: 

a vcl = closed loop gain = 100 to 2k 
V|os = input stage offset voltage 
Vqos = output stage offset voltage 


Output Offset Voltage, Vqos : The output voltage when 
theoutputs of the input stage are forced to 0V. Vqos ma y be 
calculated by measuring Vos a1 closed loop gains of 100 
and 2000 and using the following equation: 

Vqos = (20) (Vqs) 100 - (Vqs) 2k 

19 

Where: 

(Vos) 100 = overall offset voltage for Avcl = 100 
(Vos) 2k = overall offset voltage for Avcl 
Output Voltage, Vq: The peak output voltage swing, re- 
ferred to zero. 

Offset Voltage Temperature Drift, AV|qs/AT: The aver- 
age drift rate of offset voltage for a thermal variation from 
room temperature to the indicated temperature extreme. 
Power Supply Rejection Ratio, PSRR: The ratio of the 
change in input offset voltage to the change in power supply 
voltages producing it. 

Settling times, t s : The time between the initiation of the 
input step function and the time when the output voltage 
has settled to within a specified error band of the final out- 
put voltage. 

Slew Rate, S r : The internally-limited rate of change in out- 
put voltage with a large-amplitude step function applied to 
the input. 

Supply Current, ± l s : The current required from the power 
supply to operate the amplifier with no load and the output 
midway between the supplies. 

Supply Voltage Range: The range of voltages on the sup- 
ply terminals for which the device is operational. Note that 
the specifications are not guaranteed over the full supply 
voltage range unless specifically stated. 

Transient Response, t r : The closed-loop step-function re- 
sponse of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from DC to 
the frequency where the amplifier open loop gain rolls off 
to 1. 

Closed Loop Gain, Avcl : The ratio of output voltage to 
input voltage under the stated conditions of source resist- 
ance (Rs) and load resistance (R|_). 

Voltage Gain Error: The deviation in percent between the 
ideal voltage gain and the value obtained when the device is 
configured for that gain. 
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LH0084/LH0084C Digitally-Programmable-Gain 
Instrumentation Amplifier 


General Description 

The LH0084/ LH0084C is a self-contained, high speed, high 
accuracy, digitally-programmable-gain instrumentation am- 
plifier. It consists of paired FET-input variable-gain voltage- 
follower input stages followed by a differential-to-single- 
ended output stage. The input stage is programmable in 
accurate gain steps of 1, 2, 5, or 10 controlled by the logic 
levels of a 2-bit TTL-compatible digital input word. For addi- 
tional flexibility, the output stage is pin-strappable to fixed 
gains of 1, 4, or 10 for an overall gain range of 1 to 100. 
Applications include increased dynamic range A-to-D con- 
verters, test systems, and post multiplexer amplifier for data 
acquisition systems. 

The device exhibits high input impedance, low offset volt- 
age, high PSRR, high speed, and excellent gain accuracy 
and gain non-linearity. 


The LH0084 is guaranteed from -55°C to +125°C. The 
LH0084C is guaranteed from -25°C to +85°C. Both devic- 
es are provided in a hermetically sealed 1 6-lead dual-in-line 
metal package. 

Features 

■ Excellent gain accuracy 
and low gain non-linearity 

■ Extremely low gain drift 

n High input impedance 
a High PSRR 

a TTL compatible digital inputs 

■ High speed, settling to 0.1 % 


0.075% max 
0.01 % typ 
1 ppm/°C typ 
10 ppm/°C max 
lOUfttyp 
70 dB min 

4 ju,s max 


Simplified Schematic and Connection Diagrams 


v + 



Dual-ln-Line Package 



TOP VIEW 

Case is electrically isolated 


Order Number LH0084D or LH0084CD 
See NS Package D16D 


TL/H/5651-1 
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Absolute Maximum Ratings 









If Military/ Aerospace specified devices are required, Power Dissipation (Note 5) 




2.5W 

contact the National Semiconductor Sales Office/ Output Short Circuit Duration 



Continuous 

Distributors for availability and specifications. 

/MAta C\ 

Operating Temperature Range 







LH0084 




— 55°Cto +125°C 

Supply Voltage (Note 1) 

±18V LH0084C 



- 

25°C to +85°C 

Analog Input Voltage (Note 2) 

- 1 5V Lead T emp. (Soldering, 1 0 seconds) 


+ 260°C 

Differential Input Voltage (Note 2) 

-30V ESD rating to be determined. 




Digital Input Voltage 

—4 V, + 18V 








DC Electrical Characteristics v s =±i5v, R L =iokaT M | N £T A ^T MAX unless noted 



Symbol 

Parameter 

Honriitinnc 

LH0084 

LH0084C 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 

V|OS 

Input Offset Voltage 


Tj = 25°C 


0.3 

5 


0.3 

10 

mV 







7 



13 

AVios/AT 

Input Offset Voltage 

R s = 100fl 



10 



10 


jllV/°C 


Change with 
Temperature 

VcM = 0 









Voos 

Output Offset Voltage 

(Note 3) 

Tj = 25°C 


0.6 

5 


0.6 

10 

mV 







7 



13 

AVoos/AT 

Output Offset Voltage 
Change with 
Temperature 




20 



20 



Ib 

Input Bias Current 


Tj = 25°C 


150 

500 


150 

500 



(Note 4) 





500 



100 


•os 

Input Offset Current 


Tj==25°C 


50 

200 


50 

200 

pA 







200 




nA 

Rin 

Input Resistance 

Differential 


ion 





n 



Common-Mode 


1011 





V| N 

Input Voltage Range 


±10 



±10 



V 

A V 

Voltage Gain 

See Table 1 



1 



1 








2 



2 








5 



5 








10 



10 


v/v 






20 



20 








50 



50 








100 



100 




Gain Error 















mm 













GiS 


% 






Jj 



E13 



Gain Nonlinearity 


T a =25°C 


0.002 



0.002 








0.005 



0.005 



A A v / AT 

Gain Temperature 
Coefficient 






■ 

10 

ppm/°C 

CMRR 

Common-Mode 

V iN =±10V 

A V =1 

El 

mm 


El 





Rejection Ratio 


ii 

o 

El 

mm 


mm 

94 


dB 




A v = 1 00 

W$M 

mm 


80 




PSRR 

Power Supply 

±8V^V S ^ + 18V 

A v =1 

m 

■s 


70 

84 


dB 


Rejection Ratio 


ii 

o 

El 

mm 








A v = 100 

80 

104 


80 

104 



v 0 

Output Voltage Swing 

ll L ^10kft 

±10 

±12 


±10 

±12 


V 

lo 

Output Short Circuit 


T a = 25°C 

±5 

±18 

±40 

±5 

±18 

±40 

mA 


Current 



±2 


±40 

±2 


±40 

1 1 
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DC Electrical Characteristics (Continued) Vs= ± 15V, Rj_= 10 kft, Tmin^ t a^ t max unless noted 


Symbol 

Parameter 

Conditions 

LH0084 

LH0084C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Ro 

Output Resistance 



0.05 



0.05 


ft 

V| L 

Digital “0” 

Input Voltage 




0.7 



0.7 

v 

V| H 

Digital “1” 

Input Voltage 


2.0 



2.0 




IlL 

Digital “0” 

Input Current 

V| N = 0.4V 


1.5 

40 


1.5 

40 

fJL A 

IlH 

Digital “1” 

Input Current 

V| N = 2.4V 


0.01 



0.01 


v s 

Supply Voltage 

Range 


±8 


±18 

±8 


±18 

V 

is<+) 

Positive Supply 
Current 



12 

18 


12 

26 

mA 

is(-) 

Negative Supply 
Current 

V S ^±18V 


8 

12 


8 

14 

P D 

Power Dissipation 

V s = +15V 


315 

450 


315 

600 

mW 


AC Electrical Characteristics v s =±i 5 v,T A = 25 »c,R L =iokn 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

BW 

Bandwidth {Figure 1) 

Small Signal, 

— 3 dB 

A v =1 


3250 


kHz 

> 

< 

II 

o 


500 


<> 

ii 

o 

o 


350 


Small Signal, 

-1% 

A v — 1 


300 


> 

< 

II 

o 


75 


A v = 1 00 


55 


PBW 

Power Bandwidth 

Vq= ± 10V 


200 


SR 

Slew Rate 

10 

13 


V/jLlS 


Settling Time (Figure 2) 

±0.1% 

AV 0 = ±20V 

A v =1 


2.3 

3.0 

JLlS 

> 

< 

II 

o 


2.7 

3.5 

A v = 100 


3.1 

4.0 


Gain Switching Time 



3.5 


E N 

Equivalent Input 

Noise Voltage (Figure 3) 

BW=0.1 Hz-10 Hz 

A v = 100 


7 


JLlVp-p 

BW= 10 Hz— 10 kHz 

1 

1.4 


jiiVrms 

In 

Equivalent Input 

Noise Current (Figure 3) 

BW=10 Hz-10 kHz 


30 


pArms 


Note 1: Improper supply power-on sequence may damage the device. See Power Supply Connection section under Applications Information. 

Note 2: For supply voltages less than ± 1 5V the maximum input voltage is equal to the supply voltage. 

Note 3: These parameters are specified at junction temperature, Tj. In normal operation the junction temperature rises above the ambient temperature, Ta, as a 
result of internal power dissipation, Pq. Tj = Ta+0ja p d where 0 ja is the thermal resistance from junction to ambient. 

Note 4: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature. 

Note 5: See Typical Performance Characteristics for Thermal Resistance Information. 

Note 6: Refer to RETS0084D for LH0084D military specifications. 
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Typical Performance Characteristics 


Power Dissipation 



0 25 50 75 100 125 150 


TEMPERATURE (°C) 


Gain Accuracy 



1 10 100 
GAIN (V/V) 


Input Bias Current 



-55 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (°C) 


Small Signal 
Frequency Response 




Power Supply Rejection 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Input Common-Mode 
Range 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Supply Current 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Output Swing 



0 10 20 30 


OUTPUT CURRENT (tmA) 


Settling Time 



1 10 100 


Equivalent Input 
Noise Voltage (Includes 
Source-Resistance Noise) 



10 100 Ik 10k 100k 


GAIN (V/V) 


FREQUENCY (Hz) 


Broadband Output 
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AC Test Circuits 


FREQUENCY 

SYNTHESIZER 


^ 0 + ^s|6(7 0R8) 

► I 

► 50 LH0084 4 

L — t _^Xfl3(120R11) 


I FREQUENCY 

,) I ANALYZER 

* — HP 3570A 
l u j ■ B OREQUIV 


FIGURE 1. Frequency Response Measurement Circuit 

OSCILLOSCOPE 

1 Settling Time 




7A13 

TEK 7904 
OR EQUIV 
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Applications Information 

THEORY OF OPERATION 

The LH0084 is a digitally-programmable-gain true-instru- 
mentation amplifier composed of a variable-gain voltage-fol- 
lower input stage (A1 and A2), followed by a differential out- 
put stage (A3). The schematic is shown in Figure 4. 

The input stage contains matched high-speed FET-input op 
amps (A1 and A2). A high-stability temperature-compensat- 
ed resistor network (R1 through R7) controls feedback ra- 
tios at the inverting inputs of op amps A1 and A2 via FET 
switches S1A-S4A and S1B-S4B. Since the FET switches 
are in series with the op amp input impedance their resist- 
ance match and temperature drift do not degrade the gain 
accuracy of the instrumentation amplifier. The FET switches 
are controlled through a 1-of-4 decoder and switch driver, 
by the logic levels applied at the digital input terminals D1 


and DO and set the gain of the input stage as shown in 
Table I. 

If, for example, D1 is High 2.0V) and DO is Low (^0.7V), 
FET switch pair S3A and S3B will be closed (and all remain- 
ing switches open). The input stage gain, Av(i), can then be 
shown to be: 

V2-V1 

V(1)_ V IN (+)-V| N (-) 

R4+R5 + R6 + R7 
_1+ R1+R2 + R3 

| 6k+6k+10k+10k 
+ 4k+2k+2k 

= 5 


Schematic Diagram 


v + 



TL/H/5651 -6 

FIGURE 4 
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TABLE I. Gain Truth Table and Connection Table 


Digital Inputs 

1st Stage 

Gain 

A V(1) 

Pin Connections 

2nd Stage 

Gain 

A V(2) 

Overall 

Gain 

Av 

D1 

DO 

0 

0 

1 



1 

0 

1 

2 



2 

1 

0 

5 

6-10, 13-GND 

1 

5 

1 

1 

10 



10 

0 

0 

1 



4 

0 

1 

2 



8 

1 

0 

5 

7-10, 12-GND 

4 

20 

1 

1 

10 



40 

0 

0 

1 



10 

0 

1 

2 



20 

1 

0 

5 

8-10, 11-GND 

10 

50 

1 

1 

10 



100 


The output stage, consisting of op amp A3 and resistors R8 
through R15, converts the voltage difference at the output 
of the input stage, V2 minus VI, to a single-ended output. 
For increased flexibility of the LH0084, the output stage gain 
is pin-strappable by selecting RIO, R10 + R12, or 
R10+R12+R14as feedback resistor for A3. The ratios of 
these resistors to the differential stage input resistor R3 are 
kept very accurate to maintain the excellent overall gain 
accuracy of the device. The output stage gain, Ay( 2 ). is 
equal to the feedback resistance divided by the input resist- 
ance. Thus with, for example, Pin 7 wired to Pin 10, that gain 
would be: 


Av(2) = 


Vqut 

V2-V1 


R10 + R12 
R8 


10K + 30K 
10k 


( 2 ) 


To preserve the high common-mode rejection ratio of the 
output stage, the ground sense resistor, R1 1, R1 1 + R13 or 
R1H-R13 + R15, must match the feedback resistor used. 
The overall gain of the LH0084 is therefore: 

A v out 
V V, N (+)-V, N (-) 

_ V2-V1 . Vqut 

V|n(+)-V| N (-) V2—V1 

= Av(i) • A V (2) 

The different gains available are in the range of 1 through 
100 and are summarized in Table I. 


POWER SUPPLY CONNECTIONS 

Proper power supply connections are shown in Figure 5. 
The power supplies should be bypassed to ground as close 
as possible to device supply pins. For optimum high speed 
performance V+ and V~ should be decoupled with a 0.01 
ju,F ceramic disc in parallel with a 1 juF electrolytic capacitor. 
The two ground pins, analog and digital grounds, should be 
connected together as close to the device as possible, pref- 
erably with a ground plane underneath the device. If this is 
not possible, the grounds should be connected together lo- 
cally with back-to-back diodes and hard-wired together off- 
board. If a ground reference offset is used, it must be low 
impedance compared to the ground sense resistance to 
avoid CMRR degradation. 

Care must be taken in the supply power-on sequence. The 
LH0084 may suffer irreversible damage if the V+ supply is 
applied prior to the powering on the V - supply. In most 
applications using dual tracking supplies and with the device 
supply pins adequately bypassed, this will not present a 
problem. If this cannot be guaranteed, a germanium or 
Schottky protection diode should be connected between 
the digital ground pin and the V - pin as shown in Figure 5. 



TL/H/5651 -7 

FIGURE 5. Power Supply Connections 
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SIGNAL CONNECTIONS 

The input signals should be connected as shown in Figure 

6. To minimize errors, Rs(+). Rs(~) and Rcm should be 
kept as small as possible. 

The output connections are also shown in Figure 6. The 
feedback leads should be kept short as should the ground 
sense in order to minimize lead resistance and parasitic ca- 
pacitance. 

OFFSET AND GAIN ADJUSTMENTS 

Special care must be taken when using external offset ad- 
justment. Since the LH0084 is a 2-stage amplifier with each 
stage contributing offset errors, and the amplifier presum- 
ably is used at several different gains, it is important to real- 
ize that the offsets of both the 1st and the 2nd stages must 
be nulled to maintain zero offset referred to output (RTO) at 
all gain settings. 

In general, it is recommended that the input stage offset 
( v ios) be adjusted with a potentiometer as shown in Figure 

7. The output stage offset (Vqos) > s ideally adjusted at a 
subsequent gain stage (i.e. sample-and-hold or A-to-D con- 
verter), but if this is impractical, it may also be done as 
shown in Figure 7. 


Recommended offset adjust procedure is as follows: Initially 

set both pots to center positions and short both inputs of 

the LH0084 to ground. 

a) Set the input stage gain to 1 (pull D1 and DO low). Mea- 
sure the output voltage, Vquti- 

b) Set the input stage gain to 10 (pull D1 and DO high). 
Measure the new output voltage, Vqut2- 

c) Calculate the portion of VouT2 contributed by the output 
stage offset per the equation: 

Voos=^(l0 • Vquti ~Vout2) (4) 

d) While maintaining an input stage gain of 10, adjust the 
input offset voltage (V|qs) potentiometer until the output 
voltage is equal to the voltage calculated in Equation (4). 

e) Change the input back to a gain of 1 and adjust the out- 
put offset voltage (Voos) potentiometer until the output 
voltage is zero. 



FIGURE 6. Signal Connections 


01 DO 15V 



TL/H/5651 -8 


FIGURE 7. Offset Adjust Circuit 
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Applications Information (Continued) 

An alternate offset adjust scheme is shown in Figure 8. The 
offset should be rezeroed after each time the gain is 
changed or when the op amp integrator drift warrants a new 
zero pulse. An additional advantage of this adjustment tech- 
nique is that it can also be used to cancel out offset voltage 
drift and common-mode voltage error contributions. 
External gain adjustment is generally discouraged since 
gain accuracy can be optimized for one gain setting only. If 
gain adjustment is required, however, it should be done at a 
subsequent gain stage. 

LOGIC CONNECTIONS 

The digital inputs D1 and DO are referenced to the digital 


ground. The device interfaces directly to TTL and, with pull- 
down resistors, to CMOS. 

Interfacing with microprocessors will usually require a latch. 
A circuit using full 6-bit wide address decode and write 
strobe is shown in Figure 9. 

REMOTE OUTPUT SENSE 

The feedback resistors of the LH0084 can be connected 
directly at the load in order to eliminate errors due to lead 
resistance (Figure 10). 



FIGURE 8. Auto Zero Circuit 



FIGURE 9. Typical Microprocessor Interface 



TL/H/5651 -9 

FIGURE 10. Remote Sense Connection 
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Applications Information (Continued) 

Also, a unity gain buffer, such as the LH0033, may be in- 
cluded in the feedback loop for increased current drive ca- 
pability as shown in Figure 1 1. 


The output sense feature can also be used in other ways 
such as output offset, Figure 12 , or current source output, 
Figure 13. 



homrl^ 90 mA 


FIGURE 11. Buffered Output Connection 



V CM _ZL V REF — 

-I -x 


VoUT A V # V|N + Vref 
IVoutI^IOV 

FIGURE 12. Output Offset Connection 


■UUI D 

Rset 
|IoutI^ 5 rnA 
|Iout( r l+ r set) I ^ 1 ° v 


r l S 'out 


FIGURE 13. Output Current Source Connection 


Applications 


The LH0084 is ideal for application in increased dynamic 
range A-to-D converters, test systems, process control, and 
multi-channel data acquisition system. Figure 14 shows the 
device used in a typical data acquisition system. 

A software offset and gain error correction scheme is shown 
in Figure 15. By first selecting a multiplexer input con- 


nected to analog ground, and then selecting a channel con- 
nected to a reference of known value, the overall system 
gain and offset errors can be calculated. For all subsequent 
readings, offset and gain corrections can be made mathe- 
matically by solving a simple first-order equation in software. 


PROG. GAIN 
INST. AMP 



FIGURE 14. Typical Data Acquisition System 
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Applications (Continued) 



FIGURE 15. Software System Offset and Gain Calibration Circuit 


Definition of Terms 

Input Offset Voltage, V|qs : The voltage which must be 
applied to the inputs to force the output of the input stage to 
OV. Vios can be calculated by measuring Vqs (RTO) at in- 
put stage gains of 1 and 10 and using the following equa- 
tion: 


Vios = ^V 0 sIav=io-VosIa v =i) 


where: 

v OsIav =10 = Overall offset (RTO) for Av = 10 
VosIav=i = Overall offset (RTO) for Ay= 1 

Input Offset Current, Iqs: The difference in the currents 
into the 2 analog input terminals at 0V. 

Input Bias Current, Ib: The average of the currents into the 
2 analog input terminals at 0V. 

Input Resistance, Rin: Common-mode input resistance is 
the change in input voltage range divided by the change in 
input bias current with both analog inputs at the same volt- 
age. Differential input resistance is the change in input volt- 
age at one input terminal divided by the change in input 
current at the other input terminal which is kept still at 0V. 
Input Voltage Range, Vin: The voltage range for which the 
device is operational. 

Common-Mode Rejection Ratio, CMRR: The ratio of the 
input common-mode voltage range to the change in input 
offset voltage over this range. 

Power Supply Rejection Ratio, PSRR: The ratio of the 
specified change in supply voltage to the change in input 
offset voltage over this range. 

Voltage Gain, Ay: The ratio of output voltage change to the 
input voltage change producing it. 

Gain Error: The deviation in percent between the ideal volt- 
age gain and the value obtained when the device is config- 
ured for that gain. 


Gain Non-Linearity: The deviation of the gain from a 
straight line drawn through the end-points expressed as a 
percent of full-scale (10V for operation with ±15V supply). 
For testing purposes it is the difference between positive 
swing gain (0V to 10V) and average gain ( — 10V to 10V) or 
between negative swing gain (0V to -10V) and average 
gain. 

Output Stage Offset Voltage, Vqos : The voltage which 
must be applied to the input of the output stage for the 
output to be forced to 0V. Vqos can be calculated by mea- 
suring Vqs (RTO) at input stage gains of 1 and 10 and ap- 
plying the following equation: 

Voos=g( 1 0 • VosIa v = i “ v osIa v = io) 


where: 

VosUv = i = Overall offset (RTO) for Ay= 1 
v OsIav = io = Overall offset (RTO) for Av = 10 

Offset Voltage (Referred to Output), Vqs(RTO) : The out- 
put voltage when both inputs are connected to 0V. Vqs is 
composed of input offset voltage, V|qs. and output offset 
voltage, Voos. and is a function of amplifier gain. The over- 
all offset voltage is given by: 

VoS(RTO) = Av(2)(Av(1) V|OS + V 0 os) 
where: 

Vios = Input offset voltage 
Voos = Output stage offset voltage 
Ay(i) = Input state gain 
Av( 2 ) = Output stage gain 
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Definition of Terms (Continued) 

Output Voltage Swing, Vq: The peak output voltage swing 
referenced to ground into specified load. 

Output Short-Circuit Current, Iq: The current supplied by 
the device with the output connected directly to ground. 
Output Resistance, r Q : The ratio of change in output volt- 
age to change in output current around zero output. 

Supply Voltage Range, V s : The supply voltage range for 
which the device is operational. 

Supply Current, I s : The current required from the supply to 
operate the device with zero load and with the analog as 
well as the digital inputs at OV. 

Power Dissipation, Pp: The power dissipated in the device 
with zero load and with the analog as well as the digital 
inputs at OV. 

Digital “1” Input Voltage, V|h‘. Minimum voltage required 
at the digital input to guarantee a high logic state. 

Digital “0” Input Voltage, V||_: Maximum voltage required 
at the digital input to guarantee a low logic state. 

Digital “1” Input Current, Iih: The current into a digital 
input at specified logic level. 

Digital “0” Input Current, l||_: The current into a digital in- 
put at specified logic level. 

Average Input Offset Voltage Drift, AV|qs/AT: The ratio 
of input offset voltage change from 25°C to either tempera- 
ture extreme divided by the temperature range. 

Average Output Offset Voltage Drift, AVqos/AT: The ra- 
tio of output offset voltage change from 25°C to either tem- 
perature extreme divided by the temperature range. 


Average Gain Temperature Coefficient, AA V /AT: The ra- 
tio of change in gain from 25°C to either temperature ex- 
treme divided by the temperature range. 

Small Signal Bandwidth, BW: The frequency at which the 
device gain changes from the low frequency gain by a spec- 
ified amount. 

Power Bandwidth, PBW: Maximum frequency for which 
the output swing is a large signal sinewave without notice- 
able distortion. 

Slew Rate, SR: The internally limited rate of change in out- 
put voltage with a large amplitude step function applied at 
the input. 

Settling Time, t s : The time between the initiation of an input 
step function and the time when the output voltage has set- 
tled to within a specified error band of the final output volt- 
age. 

Gain Switching Time: The time between the initiation of a 
gain logic change and the time when the final gain switches 
are closed. It includes overdrive recovery time, but not set- 
tling to final value. 

Equivalent Input Noise Voltage, E^: The rms of peak 
noise voltage referred to the input (RTI) over a specified 
frequency band. 

Equivalent Input Noise Current, In: The rms of peak noise 
current referred to the input (RTI) over a specified frequency 
band. 
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National 
Semiconductor 
Corporation 

LM221/LM321/LM321A Precision Preamplifiers 

General Description 

The LM121 series are precision preamplifiers designed to 
operate with general purpose operational amplifiers to dras- 
tically decrease dc errors. Drift, bias current, common mode 
and supply rejection are more than a factor of 50 better than 
standard op amps alone. Further, the added dc gain of the 
LM121 decreases the closed loop gain error. 

The LM121 series operates with supply voltages from ±3V 
to ±20V and has sufficient supply rejection to operate from 
unregulated supplies. The operating current is programma- 
ble from 5 jaA to 200 jxA so bias current, offset current, gain 
and noise can be optimized for the particular application 
while still realizing very low drift. Super-gain transistors are 
used for the input stage so input error currents are lower 
than conventional amplifiers at the same operating current. 

Further, the initial offset voltage is easily nulled to zero. 

The extremely low drift of the LM121 will improve accuracy 
on almost any precision dc circuit. For example, instrumen- 
tation amplifier, strain gauge amplifiers and thermocouple 
amplifiers now using chopper amplifiers can be made with 


the LM121. The full differential input and high common- 
mode rejection are another advantage over choppers. For 
applications where low bias current is more important than 
drift, the operating current can be reduced to low values. 
High operating currents can be used for low voltage noise 
with low source resistance. The programmable operating 
current of the LM121 allows tailoring the input characteris- 
tics to match those of specialized op amps. 

The LM221 is specified over a -25°C to +85°C range and 
the LM321 over a 0°C to +70°C temperature range. 

Features 

■ Guaranteed drift of LM321A — 0.2 jnV/°C 

■ Guaranteed drift of LM221 series — 1 jnV/°C 
b Offset voltage less than 0.4 mV 

a Bias current less than 10 nA at 10 jaA operating current 
B CMRR 126 dB minimum 
b 1 20 dB supply rejection 
fl Easily nulled offset voltage 



Typical Applications 

Thermocouple Amplifier with Cold Junction Compensation 


+15V 
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LM221/LM321/LM321A 


Absolute Maximum Ratings 

Supply Voltage ±20V Operating Temperature Range 

Power Dissipation (Note 1) 500 mW LM321A 0°Cto +70°C 

Differential Input Voltage (Notes 2 and 3) +15V Storage Temperature Range — 65°Cto + 150°C 

Input Voltage (Note 3) ± 1 5V Lead Temperature (Soldering, 10 sec.) 300°C 

ESD rating to be determined. 

Electrical Characteristics (Note4)LM32iA 



LM321A 



Parameter 

Conditions 




Units 



Min 

Typ 

Max 


Input Offset Voltage 

T a = 25° C, 6.4k ^ R S et ^ 70k 


0.2 

0.4 

mV 

Input Offset Current 

T a = 25°C, 






Rset = 70k 


0.3 

0.5 

nA 


r SET = 6.4k 



5 

nA 

Input Bias Current 

T a = 25°C, 






Rset = 70k 


5 

15 



Rset = 6.4k 


50 

150 


Input Resistance 

T a = 25°C, 






Rset = 70k 

2 

8 


Mtt 


Rset = 6.4k 

0.2 



Mfl 

Supply Current 

t a = 25°c, Rset = 70k 


0.8 

2.2 

mA 

Input Offset Voltage 

6.4k Rset £ 70k 


0.5 

0.65 

mV 

Input Bias Current 

Rset = 70k 


15 

25 

nA 


Rset = 6.4k 


150 

250 

nA 

Input Offset Current 

Rset = 70k 


0.5 

1 

nA 


Rset = 6.4k 


5 

10 

nA 

Input Offset Current Drift 

Rset = 70k 


3 


pA/°C 

Average Temperature 

Rs ^ 200fl, 6.4k ^ Rset ^ 70k 





Coefficient of Input Offset 

Offset Voltage Nulled 





Voltage 



0.07 

0.2 

juV/°C 

Long Term Stability 



3 


juV/yr 

Supply Current 



1 

3.5 

mA 

Input Voltage Range 

V s = ± 15V, (Note 5) 






Rset = 70k 

±13 



V 


Rset = 6.4k 

+ 7,-13 



V 

Common-Mode Rejection 

Rset = 70k 

126 

140 


■m 

Ratio 

Rset = 6.4k 

120 

130 



Supply Voltage Rejection 

R set = 70k 

118 

126 


SB 

Ratio 

Rset = 6.4k 

114 

120 



Voltage Gain 

T a = 25°C, Rset = 70k, 






R L > 3MD 

12 

20 


v/v 

Noise 

Rset = 70k, Rsource = o 


8 


nV/VHz 

Note 1: The maximum junction temperature of the LM321 A is 85 # C. For operating at elevated temperature, devices in teh TO-5 package must be derated based on 

a thermal resistance of 1 50°C/W, junction to ambient, or 45°C/W, junction to case. For the flat package, the derating is based on a thermal resistance of 1 85° C/W 

when mounted on a y 6 inch thick epoxy glass board with ten, 0.03 inch wide, 2 ounce copper conductors. The thermal resistance of the dual-in-line package is 

100°C/W junction to ambient. 






Note 2: The inputs are shunted with back-to-back diodes in series with a 500fl resistor for overvoltage protection. Therefore, excessive current will flow if a 

differential input voltage in excess of IV is applied between the inputs. 





Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 



Note 4: These specifications apply for ±5 ^ Vs ^ ±20V and -55°C ^ Ta ^ + 125°C, 

unless otherwise specified. With the LM221A, however all temperature 

specifications are limited to -25°C £ Ta ^ +85°C, and for the LM321A the specifications apply over a 0°C to +70°C temperature range. 


Note 5: External precision resistor — 0.1 % — can be placed from pins 1 and 8 to 7 increase positive common-mode range. 
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Absolute Maximum Ratings 








If Military/Aerospace specified devices are required, 

Operating Temperature Range 




contact the National 

Semiconductor Sales Office/ 

LM221 



- 

-25°C to +85°C 

Distributors for availability and specifications. 

LM321, LM321 A 



0°C to +70°C 

Supply Voltage 

±20V 

Storage Temperature Range 

— 65°C to + 150°C 

Power Dissipation (Note 1) 500 mW 

Lead Temperature (Soldering, 10 sec.) 


260°C 

Differential Input Voltage (Notes 2 and 3) ± 1 5V 

ESD rating to be determined. 




Input Voltage (Note 3) 

±15V 








Electrical Characteristics (Note 4 > lm 22 i,lm 32 i 









LM221 


LM321 



Parameter 

Conditions 







Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage 

T a = 25°C, 6.4k <: R S et ^ 70k 



0.7 



1.5 

mV 

Input Offset Current 

T a = 25°C, 









Rset = 



1 



2 

nA 


Rset = 6.4k 



10 



20 

nA 

Input Bias Current 

T a = 25°C, 









Rset = 70k 



10 



18 

nA 


Rset = 6.4k 



100 



180 

nA 

Input Resistance 

T a = 25°C, 









Rset = 70k 

4 



2 



Mfl 


Rset = 6.4k 

0.4 



0.2 



Mft 

Supply Current 

t a = 25°c, Rset = 70k 



1.5 



2.2 

mA 

Input Offset Voltage 

6.4k ^ Rset ^ 70k 



1.0 



2.5 

mV 

Input Bias Current 

Rset = 70k 



30 



28 

nA 


Rset = 6.4k 



300 



280 

nA 

Input Offset Current 

Rset = 70k 



3 



4 

nA 


Rset = 6.4k 



30 



40 

nA 

Input Offset Current Drift 

Rset = 70k 


3 



3 


pA/°C 

Average Temperature 

Rs ^ 200n, 6.4k ^ Rset ^ 70k 








Coefficient of Input 

Offset Voltage 

Offset Voltage Nulled 



1 



1 

juV/°C 

Long Term Stability 



5 



5 


jwV/yr 

Supply Current 




2.5 



3.5 

mA 

Input Voltage Range 

V s = ± 15V, (Note 5) 









Rset = 70k 

±13 



±13 



V 


Rset = 6.4k 

+ 7, -13 



+ 7, -13 



V 

Common-Mode Rejection 

Rset = 70k 

120 



114 



dB 

Ratio 

Rset = 6.4k 

114 



114 



dB 

Supply Voltage Rejection 

Rset = 70k 

120 



114 



dB 

Ratio 

Rset = 6.4k 

114 



114 



dB 

Voltage Gain 

T a = 25°C, Rset = 70k, 

l 








R L > 3 MU 

16 



12 



V/V 

Noise 

Rset = 70k, Rsource = 0 


8 



8 


nVAfiz 

Note 1: The maximum junction temperature of the LM221 is 100°C. The maximum junction temperature of the LM321 is 85°C. For operating at elevated 
temperature, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. For the 
flat package, the derating is based on a thermal resistance of 185° C/W when mounted on a % inch thick epoxy glass board with ten, 0.03 inch wide, 2 ounce 

copper conductors. The thermal resistance of the dual-in-line package is 1 00°C/W junction to ambient. 






Note 2: The inputs are shunted with back-to-back diodes in series with a 500fl resistor for overvoltage protection. Therefore, excessive current will flow if a 

differential input voltage in excess of 1 V is applied between the inputs. 








Note 3: For supply voltages less than ± 1 5V, the absolute maximum input voltage is equal to the supply voltage. 





Note 4: These specifications apply for ±5 £ Vs ^ ±20V and -55°C £ Ta 

£ + 1 25°C, unless otherwise specified. With the LM221, however all temperature j 

specifications are limited to -25°C ^ Ta £ +85°C, and for the LM321 the specifications apply over a 0°C to +70°C temperature range. 



Note 5: External precision resistor— 0.1 %— can be placed from pins 1 and 8 to 7 increase positive common-mode range. 
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LM221/LM321/LM321A 


Frequency Compensation 

UNIVERSAL COMPENSATION 

The additional gain of the LM321 preamplifier when used 
with an operational amplifier usually necessitates additional 
frequency compensation. When the closed loop gain of the 
op amp with the LM321 is less than the gain of the LM321 
alone, more compensation is needed. The worst case situa- 
tion is when there is 100% feedback — such as a voltage 
follower or integrator— and the gain of the LM321 is high. 
When high closed loop gains are used — for example Ay = 
1000— and only an addition gain of 200 is inserted by the 
LM321, the frequency compensation of the op amp will usu- 
ally suffice. 

The frequency compensation shown here is designed to op- 
erate with any unity-gain stable op amp. Figure 1 shows the 
basic configuration of frequency stabilizing network. In oper- 
ation the output of the LM321 is rendered single ended by a 
0.01 |ulF bypass capacitor to ground. Overall frequency com- 
pensation then is achieved by an integrating capacitor 
around the op amp. 

12 

Bandwidth at unity-gain = — - 

SttRsetC 

4 

for 0.5 MHz bandwidth C = — 

1 0®R set 

For use with higher frequency op amps such as the LM1 18 
the bandwidth may be increased to about 2 MHz. 

If the closed loop gain is greater than unity, “C” may be 
decreased to: 


10 6 A C l Rset 

ALTERNATE COMPENSATION 

The two compensation capacitors can be made equal for 
improved power supply rejection. In this case the formula for 
the compensation capscitor is: 


1 06 Acl Rset 


Table I shows typical values for the two compensating ca- 
pacitors for various gains and operating currents. 


TABLE I 


Closed 

Loop 

Gain 

Current Set Resistor 

120 kn 

60 kn 

30 kn 

12 kn 

6kn 

Ay = 1 

68 

130 

270 

680 

1300 

Ay = 5 

15 

27 

56 

130 

270 

Ay = 10 

10 

15 

27 

68 

130 

o 

in 

II 

< 

1 

3 

5 

15 

27 

A v = 100 

- 

1 

3 

5 

10 

A v = 500 

- 

- 

1 

1 

3 

o 

o 

o 

II 

< 

- 

- 

- 

- 

- 


This table applies for the LM108, LM101A, LM741, LM118. 
Capacitance is in pF. 


DESIGN EQUATIONS FOR THE LM321 SERIES 

^ . 1.2 X 106 

Gain Ay ~ — 

Rset 

Null Pot Value should be 10% of Rset 

^ ^ 2 X 0.65V 

Operating Current ~ ■ 


Positive Common-Mode Limit ~ V+ 


Rset 

- f 0.6 ■ 


0.65V X 50k 
Rset 


Typical Applications 

Rf 



TL/H/7769-2 
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Typical Applications (Continued) 

Gain of 1000 Instrumentation Amplifier^ 

R6 

3M 

0 . 1 % 



High Speed* Inverting Amplifier with Low Drift 

LM103-1.8 



Medium Speed* General Purpose Amplifier 


v + 
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Typical Applications (Continued) 


Increased Common-Mode Range at High Operating Currents 

v + v + 



TL/H/7769-6 


Connection Diagram 


Metal Can Package 
OUTPUT 1 



TL/H/7769-7 

Top View 

Note: Pin 4 connected to case. 

Order Number LM221H, LM321H or LM321AH 
See NS Package Number H08C 

Note: Outputs are inverting from the input of the same number. 
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Schematic Diagram 





LM221/LM321/LM321A 


Typical Performance Characteristics 



-55 -15 25 65 105 


TEMPERATURE (°C) 


Distribution of Offset 
Voltage Drift (Nulled) 








- 

“1 

l 

“1 

M2' 

1 





: 


















__J 

7*V 



S3 





— 




W\ 

1 

- 


i 


-0.4 -0.2 0 0.2 0.4 


VOLTAGE DRIFT kV/°C) 


Distribution of Offset 
Voltage Drift (Nulled) 



-0.2 -0.1 0 0.1 0.2 
VOLTAGE DRIFT 0iV/°C) 


Positive Power Supply 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Negative Power Supply 
Rejection 



10 100 Ik IQk 100k 

FREQUENCY (Hz) 


Input Noise Voltage 


- ■ - ■■■ 

- ■ 



— 

— 

— 

— 







. 







R SI 

T = 70 kO 



RgET = 6 

.4 kn — 














j 





10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Input Noise Current 



Voltage Drift 













V s = 

±1 S\l s 








\Z 






0 0.2 0.4 0.6 0.8 1.0 

OFFSET VOLTAGE (mV) 


Differential Voltage Gain 



2 5 10 20 50 100 200 


SET CURRENT/SIDE (pA) 



Common-Mode Limits 



-55 -15 25 65 105 

TEMPERATURE! C) 


Tl/H/7769-9 
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LM363 


National 

Semiconductor 

Corporation 



LM363 Precision Instrumentation Amplifier 


General Description 

The LM363 is a monolithic true instrumentation amplifier. It 
requires no external parts for fixed gains of 10, 100 and 
1000. High precision is attained by on-chip trimming of off- 
set voltage and gain. A super-beta biopolar input stage 
gives very low input bias current and voltage noise, ex- 
tremely low offset voltage drift, and high common-mode re- 
jection ratio. A new two-stage amplifier design yields an 
open loop gain of 10,000,000 and a gain bandwidth product 
of 30 MHz, yet remains stable for all closed loop gains. The 
LM363 operates with supply voltages from ± 5V to ± 1 8V 
with only 1 .5 mA current drain. 

The LM363’s low voltage noise, low offset voltage and off- 
set voltage drift make it ideal for amplifying low-level, low- 
impedance transducers. At the same time, its low bias cur- 
rent and high input impedance (both common-mode and 
differential) provide excellent performance at high imped- 
ance levels. These features, along with its ultra-high com- 
mon-mode rejection, allow the LM363 to be used in the 
most demanding instrumentation amplifier applications, re- 
placing expensive hybrid, module or multi-chip designs. Be- 
cause the LM363 is internally trimmed, precision external 
resistors and their associated errors are eliminated. 

The 16-pin dual-in-line package provides pin-strappable 
gains of 10, 100 or 1000. Its twin differential shield drivers 


eliminate bandwidth loss due to cable capacitance. Com- 
pensation pins allow overcompensation to reduce band- 
width and output noise, or to provide greater stability with 
capacitive loads. Separate output force, sense and refer- 
ence pins permit gains between 10 and 10,000 to be pro- 
grammed using external resistors. 

On the 8-pin TO-5 package, gain is internally set at 10, 100 
or 500 but may be increased with external resistors. The 
shield driver and offset adjust pins are omitted on the 8-pin 
versions. 

The LM363 is rated for 0°C to 70°C. 

Features 

■ Offset and gain pretrimmed 

■ 12 nVA/Hz input noise (G = 500/1000) 

■ 130 dB CMRR tyical (G = 500/1 000) 

■ 2 nA bias current typical 

■ No external parts required 

■ Dual shield drivers 

■ Available at 0.5 jaV/°C maximum drift 

■ Can be used as a high performance op amp 

■ Low supply current (1 .5 mA typ) 


Typical Connections 


8-Pin Package 



Connection Diagrams 


TL/H/5609-1 


Metal Can Package 

COMP 



Order Number LM363H-10, 
LM363H-100 or LM363H-500 
See NS Package Number H08C 



G = 10 2, 3, 4, open 
G = 100 3-4 shorted 
G = 1 000 2-4 shorted 
Vout 


TL/H/5609-33 


16-Pin Dual-ln-Line Package 


COMP 1 COMP 2 SENSE OUTPUT REF V- + INPUT +SHIELD 



Order Number 363D 
See NS Package Number D16C 
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Absolute Maximum Ratings (Notes 3 and 9 ) 

If Military/ Aerospace specified devices are required, Input Voltage Equal to : 

contact the National Semiconductor Sales Office/ Reference and Sense Voltage 

Distributors for availability and specifications. Lead Temp (Soldering 10 sec 

Supply Voltage ±18V ESD rating to be determined. 

Differential Input Voltage ± 1 0V 

Input Current ± 20 mA 

LM363 Electrical Characteristics (Notes 5 and 6) 

Supply Voltage 
±25V 

300°C 

Parameter 

Conditions 

LM363 

Units 

Typ 

Tested 

Limit 
(Note 7) 

Design 

Limit 
(Note 8) 

FIXED GAIN (8-PIN) 

Input Offset Voltage 

G = 500 

30 

100 

300 



G = 100 

50 

200 

600 

jaV 


G = 10 

0.5 

2.0 

5 

mV 

Input Offset Voltage Drift 

G = 500 

1 


4 

ju,V/°C 


G = 100 

2 


8 

juV/°C 


G = 10 

20 


75 

jaV/°C 

Gain Error 

G = 500 

0.1 

0.5 

0.8 

% 

( ± 1 0V Swing, 2 kfl Load) 

G = 100 

0.05 

0.5 

0.7 

% 


G = 10 

0.05 

0.5 

0.6 

% 

PROGRAMMABLE GAIN (16-PIN) 

Input Offset Voltage 

G = 1000 

50 

200 

400 

IxV 


G = 100 

100 

400 

800 

J*V 


G = 10 

1 

3 

7 

mV 

Input Offset Voltage Drift 

G = 1000 

1 


5 

ju,V/ 0 C 


G = 100 

2 


10 

juV/°C 


G = 10 

10 


100 

juV/°C 

Gain Error 

G = 1000 

2.0 

2.5 

3.0 

% 

( ± 1 0V Swing, 2 kn Load) 

G = 100 

0.1 

0.5 

0.7 

% 


G = 10 

0.6 

1.5 

1.7 

% 

FIXED GAIN AND PROGRAMMABLE 

Gain Temperature Coefficient 

G = 1000 

40 



ppm/°C 


G = 500 

20 



ppm/°C 


G = 100, 10 

10 



ppm/°C 

Gain Non-Linearity 

G = 10, 100 

0.01 

0.03 

0.04 

% 

( ± 1 0V Swing, 2 kn Load) 

G = 500, 1000 

0.01 

0.05 

0.06 

% 
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LM363 Electrical Characteristics (Continued) (Notes 5 and 6) 


Parameter 

Conditions 

LM363 

Units 

Typ 

Tested 

Limit 
(Note 7) 

Design 

Limit 
(Note 8) 

Common-Mode Rejection 

G = 1000, 500 

130 

114 

104 

dB 

Ratio (-11 V<;Vcm^13V) 

G = 100 

120 

94 

84 

dB 


G = 10 

105 

90 

80 

dB 

Positive Supply Rejection 

G = 1000, 500 

■ 

110 

100 

dB 

Ratio (5V to 1 5V) 

G = 100 


100 

95 

dB 


G = 10 

100 1 

85 

78 

dB 

Negative Supply Rejection 

G = 1000, 500 

mm 


90 

dB 

Ratio (-5V to -15V) 

CD 

II 

o 

o 

■■ 


75 

dB 


G = 10 

86 

70 

60 

dB 

Input Bias Current 


2 

10 

20 

nA 

Input Offset Current 


1 

3 

5 

nA 

Common-Mode Input 


100 

8 


Gfi 

Resistance 






Differential Mode Input 

G = 1000, 500 

0.2 



Gfl 

Resistance 

G = 100 

2 



Gft 


G = 10 

20 



Gft 

Input Offset Current Change 

-iiv<;Vcm^13V 

20 

100 

300 

pa/V 

Reference and Sense 


50 



kH 

Resistance 

Min 


30 

27 

kn 


Max 


80 

83 

kn 

Open Loop Gain 

G C l=1000, 500 

10 

1 


V/jllV 

Supply Current 

Positive 

1.2 

2.4 

3.0 

mA 





2.8 

mA 


Negative 

1.6 

2.8 

3.4 

mA 


Note 1: These conditions apply unless otherwise noted; V+=V - = 15V, Vcm = °V, Rl = 2 kft, reference pin grounded, sense pin connected to output and 
Tj = 25°C. 

Note 2: Boldface limits are guaranteed over full temperature range. Operating ambient temperature range is 0°C to 70°C for the LM363. 

Note 3: Guaranteed and 100% production tested. 

Note 4: Guaranteed but not 100% tested. These limits are not used in determining outgoing quality levels. 

Note 5: Maximum rated junction temperature is 1 00°C for the LM363. Thermal resistance, junction to ambient, is 1 50°C/W for the TO-99(H) package and 1 00°C/W 
for the ceramic DIP (D). 
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Typical Performance Characteristics (Continued) 


Output Current Limit 



TEMPERATURE (°C) 


Input Noise Voltage 



input Current Noise 



10 100 Ik 10k 

FREQUENCY (Hz) 


Input Current vs Voltage 



-15 -10 -5 0 5 10 15 

INPUT VOLTAGE (V) 


Gain Non-Linearity 



0 2 4 6 8 10 

OUTPUT VOLTAGE SWING (±V) 


Gain Error vs Frequency* 
//A I 



FREQUENCY (Hz) 
♦Trimmed to zero at 100 Hz 



100 Ik 10k 100k 


Positive Power Supply 
Rejection 



Negative Power Supply 
Rejection 


III 

111 

I 

11 

III 

mi 

III 

IIISSS 

fi 

II 

III 

mi 

■ftfflfifil 

!!*3!!!lll 


G 

nr^ 
= 10 

S! 

ill 

Si!! 

8-PIN 

PACKAGE 


II 

III 

»!! 

ns DHLHPH,CU 

Rs = 1k 


II 

III 

mi 

Vs= 

Ta=s 

±15V 

5°C 


I 

E 

III 


10 100 Ik 10k 100k 


FREQUENCY 
♦Trimmed to zero at 100 


fl? 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Negative Power Supply 
Rejection 


8-PIN PACKAGE 

Rs BALANCED 
f=1 kHz, V S = ±15\ 
Ta=25°C . 

■1 

ii 

Min 

Si 

ii 

mi 

ii 

ii 

■in 


1 


in 

■E 

HEII 

•IB 

nS 

<5!!l 

L 


IIB 

■■ 

uni 

»n 

liii 



iim 


it 


i 


in 

■i 

ii 

in 

■ii! 

■ 


in 

ii 

III 

ii 

hi 

■Ill 

1 


hi 

n 

III 

ii 

hi 

■III 


1 10 100 Ik 10k 

SOURCE RESISTANCE (0) 


Negative Power Supply 


Rejection 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 


Negative Power Supply 
Rejection 



1 10 100 Ik 10k 

SOURCE RESISTANCE (fl) 

TL/H/5609-4 
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Simplified Schematic (pin numbers in parentheses are for 8-pin package) 



TL/H/5609-7 


Theory of Operation 

Referring to the Simplified Schematic, it can be seen that 
the input voltage is applied across the bases of Q1 and Q2 
and appears between their emitters. If Rei -2 is the resist- 
ance across these emitters, a differential current equal to 
V|n/Rei -2 flows from Ql’s emitter to Q2’s. The second 
stage amplifier shown maintains Q1 and Q2 at equal collec- 
tor currents by negative feedback to Q4. The emitter cur- 
rents of Q3 and Q4 must therefore be unbalanced by an 
amount equal to the current flow across Rei- 2- Defining 
RE 3-4 = R5 + R6, the differential voltage across the emitters 
of Q4 to Q3 is equal to 


This voltage divided by the attenuation factor 
R4 _ R2 
R3 + R4 _ R1 + R2 

is equal to the output-to-reference voltage. Hence, the over- 
all gain is given by 
q _ VqUT _ R3 + R4 x R E 3-4 
Vin R4 Rei-2 ’ 


V|N 

Rei-2 


X Re3-4- 
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Application Hints 

The LM363 was designed to be as simple to use as possi- 
ble, but several general precautions must be taken. The dif- 
ferential inputs are directly coupled and need a return path 
to power supply common. Worst-case bias currents are only 
1 0 nA for the LM363, so the return impedance can be as 
high as 100 Mft. Ground drops between signal return and 1C 
supply common should not be ignored. While the LM363 
has excellent common-mode rejection, signals must remain 
within the proper common-mode range for this specification 
to apply. Operating common-mode range is guaranteed 
from - 1 1 V to + 1 3V with ± 1 5V supplies. 

The high-gain (500 or 1000) versions have large gain-band- 
width products (15 MHz or 30 MHz) so board layout is fairly 
critical. The differential input leads should be kept away 
from output force and sense leads, especially at high imped- 
ances. Only 1 pF from output to positive input at 100 k!Q 
source impedance can cause oscillations. The gain adjust 
leads on the 16-pin package should be treated as inputs 
and kept away from the output wiring. 

POWER SUPPLY 

The LM363 may be powered from split supplies from ± 5V 
to ±18V (or single-ended supplies from 10V to 36V). Posi- 
tive supply current is typically 1 .2 mA independent of supply 
voltage. The negative supply current is higher than the posi- 
tive by the current drawn through the voltage dividers for the 
reference and sense inputs (typ 600 ju,A total). The LM363’s 
excellent PSRR often makes regulated supplies unneces- 
sary. Actually, supply voltage can be as low as 7V total but 
PSRR is severely degraded, so that well-regulated supplies 
are recommended below 10V total. Split supplies need not 
be balanced; output swing and input common-mode range 
will simply not be symmetrical with unbalanced supplies. For 
example, at +12V and -5V supplies, input common-mode 
range is typically + 10.5V to -2V and output swing is + 1 1V 
to — 4 V. 

When using ultra-low offset versions, best results are ob- 
tained at ± 1 5V supplies. For example, the LM363-500’s off- 
set voltage is guaranteed within 1 00 jutV at ± 1 5V at 25°C. 
Running at ±5V results in a worst-case negative PSRR er- 
ror of 10V (- 15V to -5V) multiplied by 3.2X1 0 -6 (110 dB) 
or 32 juV, increasing the worst-case offset. Positive PSRR 
results in another 10 jliV worst-case change. 

INPUTS 

The LM363 input circuitry is depicted in the Simplified Sche- 
matic. The input stage is run relatively rich (50 juA) for low 
voltage noise and wide bandwidth; super-beta transistors 
and bias-current cancellation (not shown) keep bias cur- 
rents low. Due to the bias-current cancellation circuitry, bias 
current may be either polarity at either input. While input 
current noise is high relative to bias current, it is not signifi- 
cant until source resistance approaches 1 00 kft. 

Input common-mode range is typically from 3V above V - to 
1 .5 V below V + , so that a large potential drop between the 
input signal and output reference can be accommodated. 
However, a return path for the input bias current must be 
provided; the differential input stage is not isolated from the 
supplies. Differential input swing in the linear region is equal 
to output swing divided by gain, and typically ranges from 
1 .3V at G = 1 0 to 13 mV atG = 1000. 


Clamp diodes are provided to prevent zener breakdown and 
resulting degradation of the input transistors. At large input 
overdrives these diodes conduct, greatly increasing input 
currents. This behavior is illustrated in the Iin VS Vin plot in 
the Typical Performance Characteristics. (The graph is not 
symmetrical because at large input currents a portion of the 
current into the device flows out the V~ terminal.) 

The input protection resistors allow a full 10V differential 
input voltage without degradation even at G = 1000. At input 
voltages more than one diode drop below V~ or two diode 
drops above V+ input, current increases rapidly. Diode 
clamps to the supplies, or external resistors to limit current 
to 20 mA, will prevent damage to the device. 

REFERENCE AND SENSE INPUTS 

The equivalent circuit is shown in the schematic diagram. 
Limitations for correct operation are as follows. Maximum 
differential swing between reference and sense pins is typi- 
cally ± 1 5V ( ± 1 0V guaranteed). If this limit is exceeded, the 
sense pin no longer controls the output, which pegs high or 
low. The negative common-mode limit is 1.5V below V - . 
(This is permissible because R2 and R4 are returned to a 
node biased higher than V - .) If large positive voltages are 
applied to the reference and sense pins, the common-mode 
range of the signal inputs begins to suffer as the drop 
across R13 and R16 increases. For example, at ±15V sup- 
plies, Vref = Vsense = 0V > signal input range is typically 
-12V to + 13.5V. at Vref = v SENSE = 15V, signal input 
range drops to -11V to + 13.5V. The reference and sense 
pin can be as much as 10V above V+ as long as a restrict- 
ed signal common-mode range (-10V min) can be tolerat- 
ed. 

For maximum bipolar output swing at ± 15V supplies, the 
reference pin should be returned to a voltage close to 
ground. At lower supply voltages, the reference pin need 
not be halfway between the supplies for maximum output 
swing. For example, at V+ = + 12V and V~ = — 5V, 
grounding the reference pin still allows a + 11V to — 4V 
swing. For single-supply systems, the reference pin can be 
tied to either supply if a single output polarity is all that is 
required. For a bipolar input and output, create a low imped- 
ance reference with an op amp and voltage divider or a 
regulator (e.g., LM336, LM385, LM317L). This forms the ref- 
erence for all succeeding signal-processing stages. (Don’t 
connect the reference terminal directly to a voltage divider; 
this degrades gain error.) See Figure 1. 



a. Usual configuration maximizes bipolar output swing. 



b. Unequal supplies, output ground referred. Full output swing pre- 
served referred to supplies. 


FIGURE 1. Reference Connections 
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Application Hints (Continued) 


10V 



c. Single Supply, Unipolar Output 


12V 



FIGURE 1. Reference Connections (Continued) 


OUTPUTS 

The LM363’s output can typically swing within IV of the 
supplies at light loads. While specified to drive a 2 kfl load 
to ± 1 0V, current limit is typically 1 5 mA at room tempera- 
ture. The output can stably drive capacitive loads up to 400 
pF. For higher load capacitance, the amplifier may be over- 
compensated. The output may be continuously shorted to 
ground without damaging the device. 

OFFSET VOLTAGE 

The LM363’s offset voltage is internally trimmed to a very 
low value. Note that data sheet values are given at 
Tj = 25°C, V C m = 0V and V+=V" = 15V. For other condi- 
tions, warm-up drift, temperature drift, common-mode rejec- 
tion and power supply rejection must be taken into account. 
Warm-up drift, due to chip and package thermal gradients, is 
an effect separate from temperature drift. Typical warm-up 
drift is tabulated in the Electrical Characteristics; settling 
time is approximately 5 minutes in still air. At load currents 
up to 5 mA, thermal feedback effects are negligible 
(AV 0 s^2jllV at G = 1000). 

Care must be taken in measuring the extremely low offset 
voltages of the high gain amplifiers. Input leads must be 
held isothermal to eliminate thermocouple effects. Oscilla- 
tions, due to either heavy capacitive loading or stray capaci- 
tance from input to output, can cause erroneous readings. 
In either case, overcompensation will help. High frequency 
noise fed into the inputs may be rectified internally, and pro- 


duce an offset shift. A simple low-pass RC filter will usually 
cure this problem {Figure 2). Use film type resistors for their 
low thermal EMF. In highly noisy environments, LC filters 
can be substituted for increased RF attenuation. 



TL/H/5609-10 

FIGURE 2. Low Pass Filter Prevents RF Rectification 

Instrumentation amplifiers have both an input offset voltage 
(Vios) and an output offset voltage (Vqos)- The total input- 
referred offset voltage (Vosrti) is related to the instrumen- 
tation amplifier gain (G) as follows: Vosrti = V|os + Voos/ 
G. The offset voltage given in the LM363 specifications is 
the total input-referred offset. As long as only one gain is 
used, offset voltage can be nulled at either input or output 
as shown in Figures 3a and 3b. When the 1 6-pin device is 
used at multiple gain settings, both V|qs and Vqos should 
be nulled to get minimum offset at all gains, as shown in 
Figure 3c. The correct procedure is to trim Vqos for zero 
output at G = 10, then trim V|qs at G=1000. 



a. Input Offset Adj. 
for 16-Pin Package 


b. Output Offset Adj. 
for 8-Pin Package 


c. Input and Output Offset 
Adjustment for 16-Pin Package 


FIGURE 3. Offset Voltage Trimming 


TL/H/5609-1 1 


E 
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Application Hints (Continued) 

Because the LM363’s offset voltage is so low to begin with, 
offset nulling has a negligible effect on offset temperature 
drift. For example, zeroing a 1 00 juV offset, assuming external 
resistor TC of 200 ppm/°C and worst-case internal resistor 
TC, results in an additional drift component of 0.08 /xV/°C. 
For this reason, drift specifications are guaranteed, with or 
without external offset nulling. 

GAIN ADJUSTMENT 

Gain may be increased by adding an external voltage divid- 
er between output force and sense and reference; the pre- 
ferred connection is shown in Figure 4. Since both the 
sense and reference pins look like 50 ka (±20 kfl) to V - , 
impedances presented to both pins must be equal to avoid 
offset error. For example, a 1 00a imbalance can create a 


worst-case output offset of 50 mV, creating an input-re- 
ferred error of 5 mV at G = 10 or 50 juV at G = 1000. 
Increasing gain this way increases output offset error. An 
LM363H-100 may have an output offset of 5 mV, resulting in 
input referred offset component of 50 julV. Raising the gain 
to 200 yields a 1 0 mV error at the output and changes input 
referred error by an additional 50 juV. 

External resistors connected to the reference and sense 
pins can only increase the gain. If ultra-low output imped- 
ance is not critical, the technique in Figure 5 can be used to 
trim the gain to nominal value. Alternatively, the Vos adjust- 
ment terminals on the 16-pin package may be used to trim 
the gain {Figure 10b). 



R1 and R2 should be as low as possible to avoid errors due to 50 k SI 
input impedance of reference and sense pins. Total resistance 
(R2 + 2R1) should be above 4 kft, however, to prevent excessive load 
on the LM363 output. The exact formula for calculating gain (G) is: 


G = Gq 


/ 2R1 R1 \ 

\ 1+ R2 + 50k] 


Go == preset gain 

The last term may be ignored in applications where gain accuracy is not 
critical. The table below gives suggested values for R1 and R2 along 
with the calculated error due to “closest value” standard 1 % resistors. 
Total gain error tolerance includes contributions from LM363 Go error 
and resistor tolerance (±1%) and works out to approximately 2.5% in 
every case. 


Gain Increase 

1.5 

2 

2.5 

3 

4 

5 

6 

7 

8 

9 

10 

R1 

1.21k 

1.21k 

2k 

2k 

1.78k 

2k 

2.49k 

2.94k 

3.48k 

3.92k 

4.42k 

R2 

5k 

2.49k 

2.74k 

2.05k 

1.21k 

Ik 

Ik 

Ik 

Ik 

Ik 

Ik 

Error (typ) 

+ 0.6% 

-0.2% 

0 

-0.3% 

-0.6% 

+ 0.8% 

+ 0.5% 

-0.9% 

+ 0.4% 

-0.9% 

-0.7% 


FIGURE 4. Increasing Gain 


v + 
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Application Hints (Continued) 

COMPENSATION AND OUTPUT CLAMPING 

The LM363 is internally compensated for unity feedback 
from output to sense. Increasing gain with external dividers 
will decrease the bandwidth and increase stability margin. 
Without external compensation, the amplifier can stably 
drive capacitive loads up to 400 pF. When used as an op 
amp (sense and reference pins grounded, feedback to in- 
verting input), the LM363 is stable for gains of 100 or more. 
For greater stability, the device may be over-compensated 
as in Figure 6. Tables I and II depict suggested compensa- 
tion components along with the resulting changes in large 
and small signal bandwidth for the 8-pin and 16-pin pack- 
ages, respectively. 

Note that the RC network from pin 8 of the 8-pin device to 
ground has a large effect on power bandwidth, especially at 
low gains. The Miller capacitance utilized for the 1 6-pin de- 
vice permits higher slew rate and larger load capacitance 
for the same bandwidth, and is preferred when bandwidth 
must be greatly reduced (e.g., to reduce output noise). 


Heavy Miller overcompensation on the 16-pin package can 
degrade AC PSRR. A large capacitor between pins 15 and 
1 6 couples transients on the positive supply to the output 
buffer. Since the amplifier bandwidth is severely rolled off it 
cannot keep the output at the correct state at moderate 
frequencies. Hence, for good PSRR, either keep the Miller 
capacitance under 1000 pF or use the pin 15-to-ground 
compensation. 



a. 8-Pin Package b. 16-Pin Package 


TL/H/5609-14 


FIGURE 6. Overcompensation 


TABLE I. Overcompensation on 8-Pin Package 


Gain 

Compensation Network 
(Pin 8 to Ground)t 

Small Signal 
3dB 

Bandwidth 

(kHz) 

Power 
Bandwidth 
(±10V Swing) 
(Hz) 

Maximum 

Capacitive 

Load 

(PF) 


— 

125 

100k 

400 


100 pF, 15k 

95 

15k 

600 

500 

1000 pF, 5k 

45 

1.8k 

800 


0.01 jLtF,500a 

10 

200 

1000* 


0.1 /xF 

1 

20 

1000* 


— 

240 

100k 

400 


100 pF, 15k 

170 

15k 

900 

100 

1000 pF, 5k 

80 

1.8k 

1200 


0.01 juF, 500H 

20 

200 

1600* 


0.1 jliF 

2 

20 

2000* 


— 

240 

100k 

400 


100 pF, 15k 

170 

15k 

900 

10 

1000 pF, 5k 

90 

1.8k 

1200 


0.01 julF, 500ft 

20 

200 

1600* 


0.1 jiF 

2 

20 

2000* 


*Also stable for Cl ^ 0.05 juF tpin 15 to round on 16-pin package 


TABLE II. Overcompensation on 16-Pin Package 


Gain 

Compensation 
Capacitor 
(Pin 15 to 16) 

Small Signal 
3dB 

Bandwidth 

(Hz) 

Power 
Bandwidth 
(±10V Swing) 
(Hz) 

Maximum 

Capacitive 

Load 

(PF) 


0 

45k 

45k 

1000* 


lOpF 

16k 

16k 

2000* 

1000 

100 pF 

2.5k 

2.5k 

2500* 


1000 pF 

250 

250 

3000* 


0.01 jutF 

25 

25 

3000* 


0 

140k 

100k 

900 


10 pF 

50k 

50k 

1600 

100 

100 pF 

7.5k 

7.5k 

2000* 


1000 pF 

750 

750 

2000* 


0.01 ju,F 

76 

75 

2000* 


0 

180k 

90k 

600 


10 pF 

60k 

50k 

1100 

10 

100 pF 

9k 

9k 

1600 


1000 pF 

900 

900 

2000* 


0.01 julF 

90 

90 

2000* 


•Also stable for Cl ^ 0.05 juF 
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Application Hints (Continued) 

Because the LM363’s output voltage is approximately one 
diode drop below the voltage at pin 15 (pin 8 for the 8-pin 
device), this point may be used to limit output swing as seen 
in Figure 7a. Current available from this pin is only 50 juA, so 
that zeners must have a sharp breakdown to clamp accu- 
rately. Alternatively, a diode tied to a voltage source could 
be used as in Figure 7b. 


6.2V 6.2V 



SHIELD DRIVERS 

When differential signals are sent through long cables, three 
problems occur. First, noise, both common-mode and differ- 
ential, is picked up. Second, signal bandwidth is reduced by 
the RC low-pass filter formed by the source impedance and 
the cable capacitance. Finally, when these RC time con- 
stants are not identical (unbalanced source impedance 
and/or unbalanced capacitance), AC common-mode rejec- 
tion is degraded, amplifying both induced noise and 
“ground” noise. Either filtering at the amplifier inputs or 
slowing down the amplifier by overcompensating will indeed 
reduce the noise, but the price is slower response. The 
LM363’s dual shield drivers can actually increase bandwidth 
while reducing noise. 

The way this is done is by bootstrapping out shield capaci- 
tance. The shield drivers follow the input signal. Since both 
sides of the shield capacitance swing the same amount, it is 
effectively out of the circuit at frequencies of interest. 
Hence, the input signal is not rolled off and AC CMRR is not 
degraded ( Figure 8). The LM363’s shield drivers can handle 
capacitances (shield to center conductor) as high as 1 000 
pF with source resistances up to 100 kfi. 

For best results, identical shielded cables should be used 
for both signal inputs, although small mismatches in shield 
driver to ground capacitance (^500 pF) do not cause prob- 
lems. At certain low values of cable capacitance (50 pF- 
200 pF), high frequency oscillations can occur at high 
source resistance (^ 10 kH). This is alleviated by adding 


50 pF to ground at both shield driver outputs. Do not use 
only one shield driver for a single-ended signal as oscilla- 
tions can result; shield driver to input capacitance must be 
roughly balanced (±30%). To further reduce noise pickup, 
the shielded signal lines may be enclosed together in a 
grounded shield. If a large amount of RF noise is the prob- 
lem, the only sure cure is a filter capacitor at both inputs; 
otherwise the RFI may be internally rectified, producing an 
offset. 

DC loading on the shield drivers should be minimized. The 
drivers can only source approximately 40 jaA; above this 
value the input stage bias voltages change, degrading Vqs 
and CMRR. While the shield drivers can sink several mA, 
Vqs may degrade severely at loads above 100 jaA (see 
Shield Driver Loading Error curve in Typical Performance 
Characteristics). Because the shield drivers are one diode 
drop above the input levels, unbalanced leakage paths from 
shield to input can produce an input offset at high source 
impedances. Buffering with emitter-followers {Figure 8b) re- 
duces this leakage current by reducing the voltage differen- 
tial and eliminates any loading on the amplifier. 



M5V 



b. NPN Followers to Reduce Offsets 

TL/H/5609-16 

FIGURE 8. Driving Shielded Cables 
MISCELLANEOUS TRIMMING 

The Vqs adjust and shield driver pins available on the 16- 
pin package may be used to trim the other parameters be- 
sides offset voltage, as illustrated in Figure 10. The bias-cur- 
rent trim relies on the fact that the voltage on the shield 
driver and gain setting pins is one diode drop respectively 
above and below the input voltage. Input bias current can 
be held to within 100 pA over the entire common-mode 
range, and input offset current always stays under 30 pA. 
The CMRR trims use the shield driver pins to drive the Vqs 
adjust pins, thus maintaining the LM363’s ultra-high input 
impedance. 
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Application Hints (Continued) 

If power supply rejection is critical, frequently only the nega- 
tive PSRR need be adjusted, since the positive PSRR is 
more tightly specified. Any or all of the trim schemes of 
Figure 10 can be combined as desired. As long as the cen- 
ter tap of the 100k trimpot is returned to a voltage 200 mV 
below V+, the trim schemes shown will not greatly affect 


Vos- Both the 9 ain and DC CMRR trims can degrade posi- 
tive PSRR; the positive PSRR can then be nulled out if de- 
sired. The correct order of trimming from first to last is bias 
current, gain, CMRR, negative PSRR, positive PSRR and 
Vos- 

Top Trace: Cable Shield Grounded 



LM363 OUTPUT 1V/0IV 
100 /iS/DIV 


TL/H/5609-17 



Bottom Trace: Cable Shield Bootstrapped 



FIGURE 9. Improved Response using Shield Drivers 



d. AC CMRR 


e. Negative PSRR 

FIGURE 10. Other Trims for 16-Pin Package 


f. Positive PSRR 

TL/H/5609-19 
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Typical Applications 


4 mA-20 mA Two Wire Current Transmitter 



TL/H/5609-20 


The LM329 reference provides excellent line regulation and gain stability. When bridge is balanced 
(•out = 4 mA), there’s no drop across R3 and R4, so that gain and offset adjustments are non-in- 
teractive. The LM334 configured as a zero-TC current source supplies quiescent current to circuit. 
R11 provides current limiting. 

Design Equations 

l0S = (lR6 +l R7) ( 1+ j^) =4mA 


. AIqut A Vy R2 + R3 + R4 _ 1 0 mA 
a ' n_ AV| N ~R1 R3 + R4 ~ mV 
when Av = LM363 voltage gain 


0.68V 68 mV 

p l ckl 334 = - Sr + W «3. 8mA 


•max = >334 + 


V Z — 2.4V 
R11 


= 26 mA 


•BRIDGE(MAX) s l334-l363-lz = 1-5mA 


Precision Op Amp 

«f 



Select for optimum square wave response. Omit for closed loop 
gains above 1 00. Not required for instrumentation amplifier con- 
figuration. 


Precision Voltage to Current Converter 
(Low Input Voltage) 


R1 

1.02k 



Precision Current Source 
(Low Output Current) 



R1=R2 R1 =R2 

Req = R1 1|50 kft V| N 

. gv in gv, n out "gri 

l0UT 7 m “TIS' 


R2 

1.02k 


TL/H/5609-22 





LM363 










Typical Applications (Continued) 

Synchronous Demodulator 


SQUARE WAVE CLOCK 



♦Use square wave drive produced by optical chopper to run LF13333 switch inputs. 


TL/H/5609-28 


Pulsed Bridge Driver/ Amplifier 



TL/H/5609-29 
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Semiconductor 

Corporation 


Surface Mount 


Cost pressures today are forcing many electronics manu- 
facturers to automate their production lines. Surface mount 
technology plays a key role in this cost-savings trend be- 
cause: 

1. The mounting of devices on the PC board surface elimi- 
nates the expense of drilling holes; 

2. The use of pick-and-place machines to assemble the PC 
boards greatly reduces labor costs; 

3. The lighter and more compact assembled products re- 
sulting from the smaller dimensions of surface mount 
packages mean lower material costs. 

Production processes now permit both surface mount and 
insertion mount components to be assembled on the same 
PC board. 


SURFACE MOUNT PACKAGING AT NATIONAL 

To help our customers take advantage of this new technolo- 
gy, National has developed a line of surface mount pack- 
ages. Ranging in lead counts from 3 to 360, the package 
offerings are summarized in Table I. 

Lead center spacing keeps shrinking with each new genera- 
tion of surface mount package. Traditional packages (e.g., 
DIPs) have a 100 mil lead center spacing. Surface mount 
packages currently in production (e.g., SOT, SOIC, PCC, 
LCC, LDCC) have a 50 mil lead center spacing. Surface 
mount packages in production release (e.g., PQFP) have a 
25 mil lead center spacing. Surface mount packages in de- 
velopment (e.g., TAPEPAKtm) will have a lead center spac- 
ing of only 12-20 mils. 


TABLE I. Surface Mount Packages from National 



0 
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LINEAR PRODUCTS IN SURFACE MOUNT TABLE II: Surface Mount Package 

Linear functions available in surface mount include: Thermal Resistance Range* 


• Op amps 

• Comparators 

• Regulators 

• References 

• Data conversion 

• Industrial 

• Consumer 

• Automotive 

A complete list of linear part numbers in surface mount is 
presented in Table III. Refer to the datasheet in the appro- 
priate chapter of this databook for a complete description of 
the device. In addition, National is continually expanding the 
list of devices offered in surface mount. If the functions you 
need do not appear in Table III, contact the sales office or 
distributor branch nearest you for additional information. 
Automated manufacturers can improve their cost savings by 
using Tape-and-Reel for surface mount devices. Simplified 
handling results because hundreds-to-thousands of semi- 
conductors are carried on a single Tape-and-Reel pack (see 
ordering and shipping information — printed later in this sec- 
tion— for a comparison of devices/reel vs. devices/rail for 
those surface mount package types being used for linear 
products). With this higher device count per reel (when com- 
pared with less than a 100 devices per rail), pick-and-place 
machines have to be re-loaded less frequently and lower 
labor costs result. 

With Tape-and-Reel, manufacturers save twice — once from 
using surface mount technology for automated PC board 
assembly and again from less device handling during ship- 
ment and machine set-up. 

BOARD CONVERSION 

Besides new designs, many manufacturers are converting 
existing printed circuit board designs to surface mount. The 
resulting PCB will be smaller, lighter and less expensive to 
manufacture; but there is one caveat— be careful about the 
thermal dissipation capability of the surface mount package. 
Because the surface mount package is smaller than the tra- 
ditional dual-in-line package, the surface mount package is 
not capable of conducting as much heat away as the DIP 
(i.e., the surface mount package has a higher thermal resist- 
ance — see Table II). 

The silicon for most National devices can operate up to a 
150°C junction temperature (check the datasheet for the 
rare exception). Like the DIP, the surface mount package 
can actually withstand an ambient temperature of up to 
125°C (although a commercial temperature range device 
will only be specified for a max ambient temperature of 70°C 
and an industrial temperature range device will only be 
specified for a max ambient temperature of 85°C). See 
AN-336, “Understanding Integrated Circuit Package Power 
Capabilities”, (reprinted in the appendix of each linear data- 
book volume) for more information. 


Package 

Thermal Resistance** 

(0 jA ,°C/W) 

SO-8 

120-175 

SO- 14 

100-140 

SO-14 Wide 

70-110 

SO- 16 

90-130 

SO-16 Wide 

70-100 

SO-20 

60-90 

SO-24 

55-85 

PCC-20 

70-100 

PCC-28 

60-90 

PCC-44 

40-60 


‘Actual thermal resistance for a particular device depends on die size. 
Refer to the datasheet for the actual 0 ja value. 

“Test conditions: PCB mount (FR4 material), still air (room temperature), 
copper traces (150 X 20 X 10 mils). 

Given a max junction temperature of 1 50°C and a maximum 
allowed ambient temperature, the surface mount device will 
be able to dissipate less power than the DIP device. This 
factor must be taken into account for new designs. 

For board conversion, the DIP and surface mount devices 
would have to dissipate the same power. This means the 
surface mount circuit would have a lower maximum allowa- 
ble ambient temperature than the DIP circuit. For DIP cir- 
cuits where the maximum ambient temperature required is 
substantially lower than the maximum ambient temperature 
allowed, there may be enough margin for safe operation of 
the surface mount circuit with its lower maximum allowable 
ambient temperature. But where the maximum ambient tem- 
perature required of the DIP current is close to the maxi- 
mum allowable ambient temperature, the lower maximum 
ambient temperature allowed for the surface mount circuit 
may fall below the maximum ambient temperature required. 
The circuit designer must be aware of this potential pitfall so 
that an appropriate work-around can be found to keep the 
surface mount package from being thermally overstressed 
in the application. 

SURFACE MOUNT LITERATURE 

National has published extensive literature on the subject of 
surface mount packaging. Engineers from packaging, quali- 
ty, reliability, and surface mount applications have pooled 
their experience to provide you with practical hands-on 
knowledge about the construction and use of surface mount 
packages. 

The applications note AN-450 “Surface Mounting Methods 
and their Effect on Product Reliability” is referenced on 
each SMD datasheet. In addition, “Wave Soldering of Sur- 
face Mount Components” is reprinted in this section for your 
information. 
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TABLE III. Linear Surface Mount Current Device Listing 


Amplifiers and Comparators 


Part Number 

Part Number 

LF347WM 

LM392M 

LF351M 

LM393M 

LF451CM 

LM741CM 

LF353M 

LM1458M 

LF355M 

LM2901M 

LF356M 

LM2902M 

LF357M 

LM2903M 

LF444CWM 

LM2904M 

LM10CWM 

LM2924M 

LM10CLWM 

LM3403M 

LM308M 

LM4250M 

LM308AM 

LM324M 

LM310M 

LM339M 

LM311M 

LM365WM 

LM318M 

LM607CM 

LM319M 

LMC669BCWM 

LM324M 

LMC669CCWM 

LM339M 

LF441CM 

LM346M 


LM348M 


LM358M 


LM359M 



Regulators and References 


Part Number 

Part Number 

LM317LM 

LF3334M 

LM2931M-5.0 

LM3524M 

LM78L05ACM 

LM78L12ACM 

LM78L15ACM 

LM336M-2.5 

LF336BM-2.5 

LM336M-5.0 

LM336BM-5.0 

LM337LM 

LM79L05ACM 

LM79L12ACM 

LM79L15ACM 

LP2951 ACM 
LP2951CM 

LM385M 

LM385M-1.2 

LM385BM-1.2 

LM385M-2.5 

LM385BM-2.5 

LM723CM 

LM2931CM 



Data Acquisition Circuits 


Part Number 

Part Number 

ADC0802LCV 

ADC1025BCV 

ADC0802LCWM 

ADC1025CCV 

ADC0804LCV 

DAC0800LCM 

ADC0804LCWM 

DAC0801LCM 

ADC0808CCV 

DAC0802LCM 

ADC0809CCV 

DAC0806LCM 

ADC081 1BCV 

DAC0807LCM 

ADC081 1CCV 

DAC0808LCM 

ADC0819BCV 

DAC0830LCWM 

ADC0819CCV 

DAC0830LCV 

ADC0820BCV 

DAC0832LCWM 

ADC0820CCV 

DAC0832LCV 

ADC0838BCV 


ADC0838CCV 


ADC0841BCV 


ADC0841CCV 


ADC0848BCV 


ADC0848CCV 


ADC1005BCV 


ADC1005CCV 



Industrial Functions 


Part Number 

Part Number 

AH5012CM 

LM13600M 

LF13331M 

LM13700M 

LF13509M 

LMC555CM 

LF13333M 

LM567CM 

LM555CM 

MF4CWM-50 

LM556CM 

MF4CWM-100 

LM567CM 

MF6CWM-50 

LM1496M 

MF10CCWM 

LM2917M 

MF6CWM-100 

LM3046M 

MF5CWM 

LM3086M 


LM3146M 



Commercial and Automotive 


Part Number 

Part Number 

LM386M-1 

LM1837M 

LM592M 

LM1851M 

LM831M 

LM1863M 

LM832M 

LM1865M 

LM833M 

LM1870M 

LM837M 

LM1894M 

LM838M 

LM 1964V 

LM1131CM 

LM2893M 


LM3361AM 


LM1881M 
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Surface Mount 


Hybrids 


Part Number 

Part Number 

LH0002E 

LH0032E 

LH4002E 

LH0033E 


A FINAL WORD 

National is a world leader in the design and manufacture of 
surface mount components. 

Because of design innovations such as perforated copper 
leadframes, our small outline package is as reliable as our 
DIP— the laws of physics would have meant that a straight 
“junior copy” of the DIP would have resulted in an “S.O.” 
package of lower reliability. You benefit from this equiva- 
lence of reliability. In addition, our ongoing vigilance at each 
step of the production process assures that the reliability we 
designed in stays in so that only devices of the highest qual- 
ity and reliability are shipped to your factory. 

Our surface mount applications lab at our headquarters site 
in Santa Clara, California continues to research (and pub- 
lish) methods to make it even easier for you to use surface 
mount technology. Your problems are our problems. 

When you think “Surface Mount” — think “National”! 

Ordering and Shipping Information 

When you order a surface mount semiconductor, it will be in 
one of the several available surface mount package types. 
Specifying the Tape-and-Reel method of shipment means 
that you will receive your devices in the following quantities 
per Tape-and-Reel pack: SMD devices can also be supplied 
in conventional conductive rails. 


Package 

Package 

Designator 

Max/Rail 

Per Reel* 

SO-8 

M 

100 

2500 

SO-14 

M 

50 

2500 

SO-14 Wide 

WM 

50 

1000 

SO-16 

M 

50 

2500 

SO-16 Wide 

WM 

50 

1000 

SO-20 

M 

40 

1000 

SO-24 

M 

30 

1000 

PCL-20 

V 

50 

1000 

PCL-28 

V 

40 

1000 

PCL-44 

V 

25 

500 

PQFP-196 

VF 

TBD 

— 

TP-40 

TP 

100 

TBD 

LCC-20 

E 

50 

— 

LCC-44 

E 

25 

— 


•Incremental ordering quantities. (National Semiconductor reserves the right 
to provide a smaller quantity of devices per Tape-and-Reel pack to preserve 
lot or date code integrity. See example below.) 

Example: You order 5,000 LM324M ICs shipped in Tape- 
and-Reel. 

• Case 1 : All 5,000 devices have the same date code 

• You receive 2 SO-14 (Narrow) Tape-and-Reel 
packs, each having 2500 LM324M ICs 

• Case 2: 3,000 devices have date code A and 2,000 de- 
vices have date code B 

• You receive 3 SO-14 (Narrow) Tape-and-Reel 
packs as follows: 

Pack # 1 has 2,500 LM324M ICs with date code A 
Pack #2 has 500 LM324M ICs with date code A 
Pack #3 has 2,000 LM324M ICs with date code B 


Short-Form Procurement Specification 

TAPE FORMAT 


Direction of Feed 



Trailer (Hub End)* 

Carrier* 

Leader (Start End)* 


Empty Cavities, 

Empty Cavities, 

Filled Cavities 

Empty Cavities, 

Empty Cavities, 


min (Unsealed 

min (Sealed 

(Sealed 

min (Sealed 

min (Unsealed 


Cover Tape) 

Cover Tape) 

Cover Tape) 

Cover Tape) 

Cover Tape) 

Small Outline 1C 

SO-8 (Narrow) 

2 

2 

2500 

5 

5 

SO-14 (Narrow) 

2 

2 

2500 

5 



2 

2 

1000 

5 


SO-16 (Narrow) 

2 

2 

2500 

5 

HHBHHI 

SO-16 (Wide) 

2 

2 

1000 

5 


SO-20 (Wide) 

2 

2 

1000 

5 

HflEHH 


2 

2 

1000 

5 


Plastic Chip Carrier 1C 

PCC-20 

2 

2 

1000 

5 

5 

PCC-28 

2 

2 

750 

5 

5 

PCC-44 

2 

2 

500 

5 

5 


•The following diagram identifies these sections of the tape and Pin # 1 device orientation. 
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Short-Form Procurement Specification (Continued) 

DEVICE ORIENTATION 


DIRECTION 
OF FEED 


HUB 

END 


TRAILER 

^ rflHBIPR SPfTinN _ 


SECTION 


■ 



j>ooooooooooooooooooooooooooocj 

O O 0 

ooooooo oooooooooij 




— 

' 

1 

1 




L I 

v ✓ V /v 7 ■ 

J V. J V > 


' EMPTY 
CAVITIES 
UNSEALED 
COVER TAPE 


► EMPTY 
CAVITIES 

> SEALEO 
COVER TAPE 


FILLED CAVITIES 
SEALED COVER T; 


EMPTY 
CAVITIES 
SEALED 
COVER TAPE 



' EMPTY 
CAVITIES 

• UNSEALED 
COVER TAPE 


PCC-IC 

DEVICES 


TL/XX/0026-8 


MATERIALS 

o Cavity Tape: Conductive PVC (less than 10 5 Ohms/Sq) 
• Cover Tape: Polyester 

(1) Conductive cover available 

TAPE DIMENSIONS (24 Millimeter Tape or Less) 


o Reel: 


(1) Solid 80 pt fibreboard (standard) 

(2) Conductive fibreboard available 

(3) Conductive plastic (PVC) available 




so-ic 



jinnnn. 

3 

3 

1 

3 

3 

1 


EJULIULT 



PCC-IC 


TL/XX/0026-9 
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Short-Form Procurement Specification (continued) 


W 

P 

F 

E 

p 2 

Po 

D 

T 

Ao 

Bo 

K 0 

Di 

" 

Small Outline 1C 

SO-8 

(Narrow) 

12 + .30 

8 . 0±.10 

5.5 ±.05 

1 . 75±.10 

2.0 ±.05 

4.0 ± .10 

1.55 ±.05 

.30 ±.10 

6.4 ±.10 

5 . 2±.10 

2.1 ±.10 

1.55 ±.05 

30 


16 + .30 

8 . 0±.10 

7 . 5±.10 

1 . 75±.10 

2.0 ±.05 

4 . 0 ± .10 







40 


16 + .30 

12 . 0±.10 

7 . 5±.10 

1.75 ±.10 

2.0 ±.05 

4 . 0±.10 

1.55 ±.05 

. 30±.10 

10 . 9±.10 

9 . 5±.10 

3 . 0±.10 

1.55 ±.05 

40 

SO-16 

(Narrow) 

16 + .30 












40 

SO-16 

(Wide) 

16 ±.30 

12 . 0±.10 

7 . 5±.10 

1.75 ±.10 

2.0 ±.05 

4 . 0±.10 

1.55 ±.05 

. 30±.10 

10 . 9±.10 

10.76 ±.10 

3.0 ±.10 

1.55 ±.05 

40 

SO-20 

(Wide) 

24 + .30 

12.0 ±.10 

1 1 .5 ± .1 0 

1 . 75±.10 

2.0 ±.05 

4 . 0±.10 

1.55 ±.05 

. 30±.10 

10 . 9±.10 

13 . 3±.10 

3 . 0±.10 

2.05 ±.05 

50 

SO-24 

(Wide) 

24 ±.30 

12 . 0±.10 

1 1 .5 ± .1 0 

1 . 75±.10 

2.0 ±.05 

4 . 0±.10 

1.55 ±.05 

. 30±.10 

10 . 9±.10 

15.85 ±.10 

3 . 0±.10 

2.05 ±.05 

50 

Plastic Chip Carrier 1C 

PCC-20 

16 ±.30 

12 . 0±.10 

7 . 5±.10 

1.75 ±.10 

2.0 ±.05 

4.0 ±.10 

1.55 ±.05 

.30 ±.10 

9 . 3±.10 

9 . 3±.10 

4 . 9±.10 

1.55 ±.05 

40 

PCC-28 

24 ±.30 

16 . 0±.10 

1 1 . 5±.10 

1 .75 ±.10 

2.0 ±.05 

4 . 0±.10 

1.55 ±.05 

. 30±.10 

13 . 0±.10 

13 . 0±.10 

4.9 ±.10 

2.05 ±.05 

50 

Note 1: A 0 , Bo and Kq dimensio 
Note 2: Tape with components 
Note 3: Cavity tape material she 
Note 4: Cover tape material sha 
Note 5: D-) Dimension is centers 

Note 6: All dimensions are in m 

REEL DIMENSIONS 

ns are measured 0.3 mm abov 

shall pass around a mandril ra 
II be PVC conductive (less tha 
II be polyester (30-65 grams 
3d within cavity. 

Dimeters. 

e 

di 

n 

je 

the inside wall of the cavity bottom. 
js R without damage. 

105 Ohms/Sq). 
el-back force). 

T MAX 

f*| 

1 A PEI ffi L ' 


f 









)) "1 

n tznz : 



QIUS 




/ ^ FULL RA 

g1 

TL/XX/0026-10 

STAR™* Surface Mount Tape and Reel 
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Short-Form Procurement Specifications (Continued) 



A (Max) 

B (Min) 

C 

D (Min) 

N (Min) 

G 

T (Max) 

12 mm Tape 

SO-8 (Narrow) 

(13.00) 

(330) 

.059 

1.5 

,512± .002 

13±0.05 

.795 

20.2 

1.969 

50 

0.488 ^'qoo 

.724 

18.4 

16 mm Tape 

SO- 14 (Narrow) 
SO- 14 (Wide) 

SO- 16 (Narrow) 
SO-1 6 (Wide) 
PCC-20 

(13.00) 

(330) 

.059 

1.5 

.512±.002 

13±0.05 

.795 

20.2 

1.969 

50 

0.646^ 'ooo 
16 - 4 -o 2 

.882 

22.4 

24 mm Tape 

SO-20 (Wide) 
SO-24 (Wide) 
PCC-28 

(13.00) 

(330) 

.059 

1.5 

.512± .002 

13 ±0.05 

.795 

20.2 

1.969 

50 

0.960 1'qqq 

24.4 + 2 

1.197 

30.4 

32 mm Tape 

PCC-44 

(13.00) 

(330) 

.059 

1.5 

.512± .002 

13±0.05 

.795 

20.2 

1.969 

50 

1-276 + 000 
32 - 4 Io 

1.512 

38.4 


Units: 


Inches 

Millimeters 


Material: Paperboard (Non-Flaking) 


LABEL 

Human and Machine Readable Label is provided on reel. A 
variable (C.P.I) density code 39 is available. NSC STD label 
(7.6 C.P.I.) 

FIELD 

Lot Number 
Date Code 
Revision Level 
National Part No. I.D. 

Qty. 

EXAMPLE 

LOT 

NUMBER 

LOT: EPba'HbBKOa? 

■numiBMUHni ■■■ 

NSPN:*firi7MHCD2!1 /b3 QTY: 5500 

iiiiiiiiiiiiiiiGEHEiiiiaiiiieiiiiiiiiBiiiii ini 

NATIONAL SEMICONDUCTOR PART NUMBER 

TL/XX/0026-1 1 

Fields are separated by at least one blank space. 

Future Tape-and-Reel packs will also include a smaller-size 
bar code label (high-density code 39) at the beginning of the 
tape. (This tape label is not available on current production.) 
National Semiconductor will also offer additional labels con- 
taining information per your specific specification. 


Wave Soldering of Surface 
Mount Components 

ABSTRACT 

In facing the upcoming surge of “surface mount technolo- 
gy”, many manufacturers of printed circuit boards have tak- 
en steps to convert some portions of their boards to this 
new process. However, as the availability of surface mount 
components is still limited, may have taken to mixing the 
lead-inserted standard dual-in-line packages (DIPs) with the 
surface mounted devices (SMDs). Furthermore, to take ad- 
vantage of using both sides of the board, surface-mounted 
components are generally adhered to the bottom side of the 
board while the top side is reserved for the conventional 
lead-inserted packages. If processed through a wave solder 
machine, the semiconductor components are now subject- 
ed to extra thermal stresses (now that the components are 
totally immersed into the molten solder). 

A discussion of the effect of wave soldering on the reliability 
of plastic semiconductor packages follows. This is intended 
to highlight the limitations which should be understood in 
the use of wave soldering of surface mounted components. 

ROLE OF WAVE-SOLDERING IN 
APPLICATION OF SMDs 

The generally acceptable methods of soldering SMDs are 
vapor phase reflow soldering and IR reflow soldering, both 
requiring application of solder paste on PW boards prior to 
placement of the components. However, sentiment still ex- 
ists for retaining the use of the old wave-soldering machine. 


DATE 
S CODE 

D/C: MflbWH 


.REVISION 

/NUMBER 


G 
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Wave Soldering of Surface Mount Components (Continued) 


The reasons being: 

1) Most PC Board Assembly houses already possess wave 
soldering equipment. Switching to another technology 
such as vapor phase soldering requires substantial in- 
vestment in equipment and people. 

2) Due to the limited number of devices that are surface 
mount components, it is necessary to mix both lead in- 
serted components and surface mount components on 
the same board. 

3) Some components such as relays and switches are 
made of materials which would not be able to survive the 
temperature exposure in a vapor phase or IR furnace. 

PW BOARD ASSEMBLY PROCEDURES 

There are two considerations in which through-hole ICs may 
be combined with surface mount components on the PW 
Board: 

a) Whether to mount ICs on one or both sides of the board. 

b) The sequence of soldering using Vapor Phase, IR or 
Wave Soldering singly or combination of two or more 
methods. 

The various processes that may be employed are: 

A) Wave Solder before Vapor/ 1 R reflow solder. 

1. Components on the same side of PW Board. 
Lead insert standard DIPS onto PW Board Wave 
solder (conventional) 

Wash and lead trim 
Dispense solder paste on SMD pads 
Pick and place SMDs onto PW Board 
Bake 

Vapor phase/ 1 R reflow 
Clean 

2. Components on opposite side of PW Board. 

Lead insert standard DIPs onto PW Board 
Wave Solder (conventional) 

Clean and lead trim 
Invert PW Board 

Dispense solder paste on SMD pads 
Dispense drop of adhesive on SMD sites (optional 
for smaller components) 

Pick and place SMDs onto board 
Bake/Cure 

Invert board to rest on raised fixture 
Vapor/ 1 R reflow soldering 
Clean 

B) Vapor/IR reflow solder then Wave Solder. 

1 . Components on the same side of PW Board. 
Solder paste screened on SMD side of Printed 
Wire Board 
Pick and place SMDs 
Bake 

Vapor/IR reflow 

Lead insert on same side as SMDs 
Wave solder 

Clean and trim underside of PCB 


C) Vapor/IR reflow only. 

1 . Components on the same side of PW Board. 

Trim and form standard DIPs in “gull wing” config- 
uration 

Solder paste screened on PW Board 
Pick and place SMDs and DIPs 
Bake 

Vapor/IR reflow 
Clean 

2. Components on opposite sides of PW Board. 
Solder paste screened on SMD-side of Printed 
Wire Board 

Adhesive dispensed at central location of each 

component 

Pick and place SMDs 

Bake 

Solder paste screened on all pads on DIP-side or 
alternatively apply solder rings (performs) on 
leads 

Lead insert DIPs 
Vapor/IR reflow 
Clean and lead trim 

D) Wave Soldering Only 

1 . Components on opposite sides of PW Board. 
Adhesive dispense on SMD side of PW Board 
Pick and place SMDs 
Cure adhesive 

Lead insert top side with DIPs 

Wave solder with SMDs down and into solder bath 

Clean and lead trim 

All of the above assembly procedures can be divided into 
three categories for I.C. Reliability considerations: 

1) Components are subjected to both a vapor phase/IR 
heat cycle then followed by a wave-solder heat cycle or 
vice versa. 

2) Components are subjected to only a vapor phase/IR 
heat cycle. 

3) Components are subjected to wave-soldering only and 
SMDs are subjected to heat by immersion into a solder 
pot. 

Of these three categories, the last is the most severe re- 
garding heat treatment to a semiconductor device. Howev- 
er, note that semiconductor molded packages generally 
possess a coating of solder on their leads as a final finish 
for solderability and protection of base leadframe material. 
Most semiconductor manufacturers solder-plate the compo- 
nent leads, while others perform hot solder dip. In the latter 
case the packages may be subjected to total immersion into 
a hot solder bath under controlled conditions (manual oper- 
ation) or be partially immersed while in a ‘pallet’ where auto- 
matic wave or DIP soldering processes are used. It is, there- 
fore, possible to subject SMDs to solder heat under certain 
conditions and not cause catastrophic failures. 
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Wave Soldering of Surface Mount Components (Continued) 


THERMAL CHARACTERISTICS OF EFFECT ON PACKAGE PERFORMANCE BY 

MOLDED INTEGRATED CIRCUITS EPOXY-METAL SEPARATION 


Since Plastic DIPs and SMDs are encapsulated with a ther- 
moset epoxy, the thermal characteristics of the material 
generally correspond to a TMA (Thermo-Mechanical Analy- 
sis) graph. The critical parameters are (a) its Linear thermal 
expansion characteristics and (b) its glass transition temper- 
ature after the epoxy has been fully cured. A typical TMA 
graph is illustrated in Figure 1. Note that the epoxy changes 
to a higher thermal expansion once it is subjected to tem- 
peratures exceeding its glass transition temperature. Metals 
(as used on lead frames, for example) do not have this char- 
acteristic and generally will have a consistent Linear thermal 
expansion over the same temperature range. 

In any good reliable plastic package, the choice of lead 
frame material should be such to match its thermal expan- 
sion properties to that of the encapsulating epoxy. In the 
event that there is a mismatch between the two, stresses 
can build up at the interface of the epoxy and metal. There 
now exists a tendency for the epoxy to separate from the 
metal lead frame in a manner similar to that observed on bi- 
metallic thermal range. 

In most cases when the packages are kept at temperatures 
below their glass transition, there is a small possibility of 
separation at the expoxy-metal interface. Howerver, if the 
package is subjected to temprature above its glass-tran- 
sition temperature, the epoxy will begin to expand much 
faster than the metal and the probability of separation is 
greatly increased. 

CONVENTIONAL WAVE-SOLDERING 

Most wave-soldering operations occur at temperatures be- 
tween 240-260°C. Conventional epoxies for encapsulation 
have glass-transition temperature between 140-170°C. An 
I.C. directly exposed to these temperatures risks its long 
term functionality due to epoxy/ metal separation. 
Fortunately, there are factors that can reduce that element 
of risk: 

1) The PW board has a certain amount of heat-sink effect 
and tends to shield the components from the tempera- 
ture of the solder (if they were placed on the top side of 
the board). In actual measurements, DIPs achieve a tem- 
perature between 120-150°C in a 5-second pass over 
the solder. This accounts for the fact that DIPs mounted 
in the conventional manner are reliable. 

2) In conventional soldering, only the tip of each lead in a 
DIP would experience the solder temperature because 
the epoxy and die are standing above the PW board and 
out of the solder bath. 


In wave soldering, it is necessary to use fluxes to assist the 
solderability of the components and PW boards. Some facil- 
ities may even process the boards and components through 
some form of acid cleaning prior to the soldering tempera- 
ture. If separation occurs, the flux residues and acid resi- 
dues (which may be present owing to inadequate cleaning) 
will be forced into the package mainly by capillary action as 
the residues move away from the solder heat source. Once 
the package is cooled, these contaminants are now trapped 
within the package and are available to diffuse with moisture 
from the epoxy over time. It should be noted that electrical 
tests performed immediately after soldering generally will 
give no indication of this potential problem. In any case, the 
end result will be corrosion of the chip metallization over 
time and premature failure of the device in the field. 

VAPOR PHASE/IR REFLOW SOLDERING 

In both vapor phase and IR reflow soldering, the risk of 
separation between epoxy/metal can also be high. Operat- 
ing temperatures are 215°C (vapor phase) or 240°C (IR) and 
duration may also be longer (30 sec-60 sec). On the same 
theoretical basis, there should also be separation. However, 
in both these methods, solder paste is applied to the pads 
of the boards; no fluxes are used. Also, the devices are not 
immersed into the hot solder. This reduces the possibility of 
solder forcing itself into the epoxy-lead frame interface. Fur- 
thermore, in the vapor phase system, the soldering environ- 
ment is “oxygen-free” and considered “contaminant free”. 
Being so, it could be visualized that as far as reliability with 
respect to corrosion, both of these methods are advanta- 
geous over wave soldering. 

BIAS MOISTURE TEST 

A bias moisture test was designed to determine the effect 
on package performance. In this test, the packages are 
pressured in a stream chamber to accelerate penetration of 
moisture into the package. An electrical bias is applied on 
the device. Should there be any contaminants trapped with- 
in the package, the moisture will quickly form an electrolyte 
and cause the electrodes (which are the lead fingers), the 
gold wire and the aluminum bond-pads of the silicon device 
to corrode. The aluminum bond-pads, being the weakest 
link of the system, will generally be the first to fail. 

This proprietary accelerated bias/moisture pressure-test is 
significant in relation to the life test condition at 85°C and 
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FIGURE 1. Thermal Expansion and Glass Transition Temperature 
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Wave Soldering of Surface Mount Components (Continued) 


85% relative humidity. Once cycle of approximately 100 
hours has been shown to be equivalent to 2000 hours in the 
85/85 condition. Should the packages start to fail within the 
first cycle in the test, it is anticipated that the boards with 
these components in the harsh operating environment 
(85°C/85% RH) will experience corrosion and eventual 
electrical failures within its first 2000 hours of operation. 
Whether this is significant to a circuit board manufacturer 
will obviously be dependent on the products being manufac- 
tured and the workmanship or reliability standards. General- 
ly in systems with a long warranty and containing many 
components, it is advisable both on a reputation and cost 
basis to have the most reliable parts available. 

TEST RESULTS 

The comparison of vapor phase and wave-soldering upon 
the reliability of molded Small-Outline packages was per- 
formed using the bias moisture test (see Table IV). It is 
clearly seen that vapor phase reflow soldering gave more 
consistent results. Wave-soldering results were based on 
manual operation giving variations in soldering parameters 
such as temperature and duration. 

TABLE IV. Vapor Phase vs. Wave Solder 

1 . Vapor phase (60 sec. exposure @ 21 5°C) 

= 9 failures/ 1723 samples 

= 0.5% (average over 32 sample lots) 

2. Wave solder (2 sec total immersion @ 260°C) 

= 16 failures/ 1201 samples 

= 1 .3% (average over 27 sample lots) 

Package: SO-14lead 

Test: Bias moisture test 85% R.H., 

85°C for 2000 hours 
Device: LM324M 


In Table V we examine the tolerance of the Small-Outlined 
(SOIC) package to varying immersion time in a hot solder 
pot. SO-14 lead molded packages were subjected to the 
bias moisture test after being treated to the various solder- 
ing conditions and repeated four (4) times. End point was an 
electrical test after an equivalent of 4000 hours 85/85 test. 
Results were compared for packages by itself against pack- 
ages which were surface-mounted onto a FR-4 printed wire 
board. 


TABLE V. Summary of Wave Solder Results 
(85% R.H./85°C Bias Moisture Test, 2000 hours) 
(# Failures/Total Tested) 



Unmounted 

Mounted 

Control/Vapor Phase 

15 sec @ 215°C 

0/114 

0/84 

Solder Dip 

2 sec @ 260°C 

2/144 (1.4%) 

0/85 

Solder Dip 

4 sec @ 260°C 

— 

0/83 

Solder Dip 

6 sec @ 260°C 

13/248 (5.2%) 

1/76 (1.3%) 

Solder Dip 

10 sec @ 260° C 

14/127 (11.0%) 

3/79 (3.8%) 

Package: SO-14 lead 

Device: LM324M 


Since the package is of very small mass and experiences a 
rather sharp thermal shock followed by stresses created by 
the mismatch in expansion, the results show the package 
being susceptible to failures after being immersed in excess 
of 6 seconds in a solder pot. In the second case where the 
packages were mounted, the effect of severe temperature 
excursion was reduced. In the second case where the pack- 
ages were mounted, the effect of severe temperature excur- 
sion was reduced. In any case, because of the repeated 
treatment, the package had failures when subjected in ex- 
cess of 6 seconds immersion in hot solder. The safety mar- 
gin is therefore recommended as maximum 4 seconds im- 
mersion. If packages were immersed longer than 4 sec- 
onds, there is a probable chance of finding some long term 
reliability failures even though the immediate electrical test 
data could be acceptable. 

Finally, Table VI examines the bias moisture test performed 
on surface mount (SOIC) components manufactured by var- 
ious semiconductor houses. End point was an electrical test 
after an equivalent of 6000 hours in a 85/85 test. Failures 
were analyzed and corrosion was checked for in each case 
to detect flaws in package integrity. 


TABLE VI. U.S. Manufacturers Integrated Circuits 
Reliability in Various Solder Environments 
(# Failure/Total Tested) 


Package 

SO-8 

Vapor 

Phase 

30 sec 

Wave 

Solder 

2 sec 

Wave 

Solder 

4 sec 

Wave 

Solder 

6 sec 

Wave 

Solder 

10 sec 

Manuf A 

8/30* 

1/30* 

0.30 

12/30* 

16/30* 

Manuf B 

2/30* 

8/30* 

2/30* 

22/30* 

20/30* 

Manuf C 

0/30 

0/29 

0/29 

0/30 

0/30 

Manuf D 

1/30* 

0/30 

12/30* 

14/30* 

* 

o 

CO 

CM 

Manuf E 

1/30** 

0/30 

0/30 

0/30 

0/30 

Manuf F 

0/30 

0/30 

0/30 

0/30 

0/30 

Manuf G 

0/30 

0/30 

0/30 

0/30 

0/30 


*Corrosion-failures 

**No Visual Defects — Non-corrosion failures 
Test: Accelerated Bias Moisture Test; 85% R.H./85°C, 6000 equivalent 
hours. 

SUMMARY 

Based on the results presented, it is noted that surface- 
mounted components are as reliable as standard molded 
DIP packages. Whereas DIPs were never processed by be- 
ing totally immersed in a hot solder wave during printed cir- 
cuit board soldering, surface mounted components such as 
SOICs (Small Outline) are expected to survive a total immer- 
sion in the hot solder in order to capitalize on maximum 
population on boards. Being constructed from a thermoset 
plastic of relatively low Tg compared to the soldering tem- 
perature, the ability of the package to survive is dependent 
on the time of immersion and also the cleanliness of materi- 
al. The results indicate that one should limit the immersion 
time of package in the solder wave to a maximum of 4 sec- 
onds in order to truly duplicate the reliability of a DIP. As the 
package size is reduced, as in a SO-8 lead, the requirement 
becomes even more critical. This is shown by the various 
manufacturers’ performance. Results indicate there is room 
for improvement since not all survived the hot solder immer- 
sion without compromise to lower reliability. 
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Small Outline (SO) Package Surface Mounting Methods — 
Parameters and Their Effect on Product Reliability 


The SO (small outline) package has been developed to 
meet customer demand for ever-increasing miniaturization 
and component density. 

COMPONENT SIZE COMPARISON 


S.O. Package 

riHHH}^ 

I 1 

i i 

I I 


H 


|-*i — TYPICALLY 0.050" LEADSPACING 
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Standard DIP Package 



Because of its small size, reliability of the product assem- 
bled in SO packages needs to be carefully evaluated. 

SO packages at National were internally qualified for pro- 
duction under the condition that they be of comparable reli- 
ability performance to a standard dual in line package under 
all accelerated environmental tests. Figure A is a summary 
of accelarated bias moisture test performance on 30V bipo- 
lar and 15V CMOS product assembled in SO and DIP (con- 
trol) packages. 



TEST TIME (HRS) 

TL/XX/0026-15 

FIGURE A 


In order to achieve reliability performance comparable to 
DIPs— SO packages are designed and built with materials 
and processes that effectively compensate for their small 
size. 

All SO packages tested on 85%RA, 85°C were assembled 
on PC conversion boards using vapor-phase reflow solder- 
ing. With this approach we are able to measure the effect of 
surface mounting methods on reliability of the process. As 
illustrated in Figure A no significant difference was detected 
between the long term reliability performance of surface 
mounted S.O. packages and the DIP control product for up 
to 6000 hours of accelerated 85%/85°C testing. 

SURFACE-MOUNT PROCESS FLOW 

The standard process flowcharts for basic surface-mount 
operation and mixed-lead insertion/surface-mount opera- 
tions, are illustrated on the following pages. 

Usual variations encountered by users of SO packages are: 
° Single-sided boards, surface-mounted components only, 
o Single-sided boards, mixed-lead inserted and surface- 
mounted components. 

• Double-sided boards, surface-mounted components only, 
o Double-sided boards, mixed-lead inserted and surface- 
mounted components. 

In consideration of these variations, it became necessary for 
users to utilize techniques involving wave soldering and ad- 
hesive applications, along with the commonly-used vapor- 
phase solder reflow soldering technique. 

PRODUCTION FLOW 

Basic Surface-Mount Production Flow 
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Mixed Surface-Mount and Axial-Leaded Insertion 
Components Production Flow 
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Thermal stress of the packages during surface-mounting 
processing is more severe than during standard DIP PC 
board mounting processes. Figure B illustrates package 
temperature versus wave soldering dwell time for surface 
mounted packages (components are immersed into the 
molten solder) and the standard DIP wave soldering pro- 
cess. (Only leads of the package are immersed into the mol- 
ten solder). 



DWELL TIME 
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FIGURE B 

For an ideal package, the thermal expansion rate of the 
encapsulant should match that of the leadframe material in 
order for the package to maintain mechanical integrity dur- 
ing the soldering process. Unfortunately, a perfect matchup 
of thermal expansion rates with most presently used pack- 
aging materials is scarce. The problem lies primarily with the 
epoxy compound. 

Normally, thermal expansion rates for epoxy encapsulant 
and metal lead frame materials are linear and remain fairly 
close at temperatures approaching 1 60°C, Figure C. At low- 
er temperatures the difference in expansion rate of the two 
materials is not great enough to cause interface separation. 
However, when the package reaches the glass-transition 
temperature (T g ) of epoxy (typically 160-165°C), the ther- 
mal expansion rate of the encapsulant increases sharply, 
and the material undergoes a transition into a plastic state. 
The epoxy begins to expand at a rate three times or more 
greater than the metal leadframe, causing a separation at 
the interface. 
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When this happens during a conventional wave soldering 
process using flux and acid cleaners, process residues and 
even solder can enter the cavity created by the separation 
and become entrapped when the material cools. These 
contaminants can eventually diffuse into the interior of the 
package, especially in the presence of moisture. The result 
is die contamination, excessive leakage, and even cata- 
strophic failure. Unfortunately, electrical tests performed im- 
mediately following soldering may not detect potential flaws. 
Most soldering processes involve temperatures ranging up 
to 260°C, which far exceeds the glass-transition tempera- 
ture of epoxy. Clearly, circuit boards containing SMD pack- 
ages require tighter process controls than those used for 
boards populated solely by DIPs. 

Figure D is a summary of accelerated bias moisture test 
performance on the 30V bipolar process. 

Group 1 — Standard DIP package 
Group 2 — SO packages vapor-phase reflow soldered on 
PC boards 

Group 3-6 SO packages wave soldered on PC boards 
Group 3 — dwell time 2 seconds 

4 — dwell time 4 seconds 

5 — dwell time 6 seconds 

6 — dwell time 10 seconds 



TEST TIME (HRS) 
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FIGURE D 

It is clear based on the data presented that SO packages 
soldered onto PC boards with the vapor phase reflow pro- 
cess have the best long term bias moisture performance 
and this is comparable to the performance of standard DIP 
packages. The key advantage of reflow soldering methods 
is the clean environment that minimized the potential for 
contamination of surface mounted packages, and is pre- 
ferred for the surface-mount process. 

When wave soldering is used to surface mount components 
on the board, the dwell time of the component under molten 
solder should be no more than 4 seconds, preferrably under 
2 seconds in order to prevent damage to the component. 
Non-Halide, or (organic acid) fluxes are highly recommend- 
ed. 

PICK AND PLACE 

The choice of automatic (all generally programmable) pick- 
and-place machines to handle surface mounting has grown 
considerably, and their selection is based on individual 
needs and degree of sophistication. 


The basic component-placement systems available are 
classified as: 

(a) In-line placement 

— Fixed placement stations 

— Boards indexed under head and respective compo- 
nents placed 

(b) Sequential placement 

— Either a X-Y moving table system or a 0, X-Y moving 
pickup system used 

— Individual components picked and placed onto boards 

(c) Simultaneous placement 
— Multiple pickup heads 

— Whole array of components placed onto the PCB at 
the same time 

(d) Sequential/simultaneous placement 

— X-Y moving table, multiple pickup heads system 
— Components placed on PCB by successive or simul- 
taneous actuation of pickup heads 
The SO package is treated almost the same as surface- 
mount, passive components requiring correct orientation in 
placement on the board. 

Pick and Place Action 
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BAKE 

This is recommended, despite claims made by some solder 

paste suppliers that this step be omitted. 

The functions of this step are: 

• Holds down the solder globules during subsequent reflow 
soldering process and prevents expulsion of small solder 
balls. 

• Acts as an adhesive to hold the components in place dur- 
ing handling between placement to reflow soldering. 

• Holds components in position when a double-sided sur- 
face-mounted board is held upside down going into a va- 
por-phase reflow soldering operation. 

• Removes solvents which might otherwise contaminate 
other equipment. 

• Initiates activator cleaning of surfaces to be soldered. 

• Prevents moisture absorption. 



6-15 


Surface Mount 




Surface Mount 


The process is moreover very simple. The usual schedule is 
about 20 minutes in a 65°C-95°C (dependent on solvent 
system of solder paste) oven with adequate venting. Longer 
bake time is not recommended due to the following rea- 
sons: 

• The flux will degrade and affect the characteristics of the 
paste. 

• Solder globules will begin to oxidize and cause solderabili- 
ty problems. 

• The paste will creep and after reflow, may leave behind 
residues between traces which are difficult to remove and 
vulnerable to electro-migration problems. 

REFLOW SOLDERING 

There are various methods for reflowing the solder paste, 
namely: 

• Hot air reflow 

• Infrared heating (furnaces) 

• Convectional oven heating 

• Vapor-phase reflow soldering 

• Laser soldering 

For SO applications, hot air reflow/infrared furnace may be 
used for low-volume production or prototype work, but va- 
por-phase soldering reflow is more efficient for consistency 
and speed. Oven heating is not recommended because of 
“hot spots” in the oven and uneven melting may result. La- 
ser soldering is more for specialized applications and re- 
quires a great amount of investment. 

HOT GAS REFLOW/INFRARED HEATING 

A hand-held or table-mount air blower (with appropriate ori- 
fice mask) can be used. 

The boards are preheated to about 1 00°C and then subject- 
ed to an air jet at about 260°C. This is a slow process and 
results may be inconsistent due to various heat-sink proper- 
ties of passive components. 

Use of an infrared furnace is the next step to automating the 
concept, except that the heating is promoted by use of IR 
lamps or panels. The main objection to this method is that 
certain materials may heat up at different rates under IR 
radiation and may result in damage to these components 
(usually sockets and connectors). This could be minimized 
by using far-infrared (non-focused) system. 

VAPOR-PHASE REFLOW SOLDERING 

Currently the most popular and consistent method, vapor- 
phase soldering utilizes a fluoroinert fluid with excellent 
heat-transfer properties to heat up components until the sol- 
der paste reflows. The maximum temperature is limited by 
the vapor temperature of the fluid. 

The commonly used fluids (supplied by 3M Corp) are: 

• FC-70, 215°C vapor (most applications) or FX-38 

• FC-71, 253°C vapor (low-lead or tin-plate) 

HTC, Concord, CA, manufactures equipment that utilizes 
this technique, with two options: 

• Batch systems, where boards are lowered in a basket and 
subjected to the vapor from a tank of boiling fluid. 

• In-line conveyorized systems, where boards are placed 
onto a continuous belt which transports them into a con- 
cealed tank where they are subjected to an environment 
of hot vapor. 

Dwell time in the vapor is generally on the order of 15-30 
seconds (depending on the mass of the boards and the 
loading density of boards on the belt). 


In-Line Conveyorized Vapor-Phase Soldering 

CONDENSATION 



The question of thermal shock is asked frequently because 
of the relatively sharp increase in component temperature 
from room temperature to 21 5°C. SO packages mounted on 
representative boards have been tested and have shown 
little effect on the integrity of the packages. Various pack- 
ages, such as cerdips, metal cans and TO-5 cans with glass 
seals, have also been tested. 


Vapor-Phase Furnace 
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Batch-Fed Production Vapor-Phase Soldering Unit 

SECONDARY 
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Solder Joints on a SO-14 Package on PCB 



PRINTED CIRCUIT BOARD 

The SO package is molded out of clean, thermoset plastic 
compound and has no particular compatibility problems with 
most printed circuit board substrates. 

The package can be reliably mounted onto substrates such 
as: 

• G10 or FR4 glass/ resin 

• FR5 glass/resin systems for high-temperature 
applications 

• Polymide boards, also high-temperature 
applications 

• Ceramic substrates 

General requirements for printed circuit boards are: 

• Mounting pads should be solder-plated whenever 
applicable. 

• Solder masks are commonly used to prevent solder bridg- 
ing of fine lines during soldering. 

The mask also protects circuits from processing chemical 
contamination and corrosion. 

If coated over pre-tinned traces, residues may accumulate 
at the mask/trace interface during subsequent reflow, 
leading to possible reliability failures. 

Recommended application of solder resist on bare, clean 
traces prior to coating exposed areas with solder. 

General requirements for solder mask: 

— Good pattern resolution. 

— Complete coverage of circuit lines and resistance to 
flaking during soldering. 

— Adhesion should be excellent on substrate material to 
keep off moisture and chemicals. 

— Compatible with soldering and cleaning requirements. 
SOLDER PASTE SCREEN PRINTING 

With the initial choice of printed circuit lithographic design 
and substrate material, the first step in surface mounting is 
the application of solder paste. 


Solder Joints on a SO-14 Package on PCB 
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The typical lithographic “footprints” for SO packages are 
illustrated below. Note that the 0.050" lead center-center 
spacing is not easily managed by commercially-available air 
pressure, hand-held dispensers. 

Using a stainless-steel, wire-mesh screen stencilled with an 
emulsion image of the substrate pads is by far the most 
common and well-tried method. The paste is forced through 
the screen by a V-shaped plastic squeegee in a sweeping 
manner onto the board placed beneath the screen. 

The setup for SO packages has no special requirement 
from that required by other surface-mounted, passive com- 
ponents. Recommended working specifications are: 
o Use stainless-steel, wire-mesh screens, #80 or #120, 
wire diameter 2.6 mils. Rule of thumb: mesh opening 
should be approximately 2.5-5 times larger than the aver- 
age particle size of paste material, 
o Use squeegee of Durometer 70. 

• Experimentation with squeegee travel speed is recom- 
mended, if available on machine used. 

• Use solder paste of mesh 200-325. 

• Emulsion thickness of 0.005" usually used to achieve a 
solder paste thickness (wet) of about 0.008" typical. 

• Mesh pattern should be 90 degrees, square grid. 

• Snap-off height of screen should not exceed y 8 " , to avoid 
damage to screens and minimize distortion. 

SOLDER PASTE 

Selection of solder paste tends to be confusing, due to nu- 
merous formulations available from various manufacturers. 
In general, the following guidelines are sufficient to qualify a 
particular paste for production: 

• Particle sizes (see photographs below). Mesh 325 (ap- 
proximately 45 microns) should be used for general pur- 
poses, while larger (solder globules) particles are pre- 
ferred for leadless components (LCC). The larger particles 
can easily be used for SO packages. 
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• Uniform particle distribution. Solder globules should be 
spherical in shape with uniform diameters and minimum 
amount of elongation (visual under 100/200 x magnifica- 
tion). Uneven distribution causes uneven melting and sub- 
sequent expulsion of smaller solder balls away from their 
proper sites. 


RECOMMENDED SOLDER PADS FOR SO PACKAGES 
SO-8, SO-14, SO-16 
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• Composition, generally 60/40 or 63/37 Sn/Pb. Use 62/36 
Sn/Pb with 2% Ag in the presence of Au on the soldering 
area. This formulation reduces problems of metal leaching 
from soldering pads. 

• RMA flux system usually used. 

• Use paste with aproximately 88-90% solids. 


SO-16L, SO-20 
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Comparison of Particle Size/Shape of Various Solder Pastes 



200 X Kester (63/37) 
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CLEANING 

The most critical process in surface mounting SO packages 
is in the cleaning cycle. The package is mounted very close 
to the surface of the substrate and has a tendency to collect 
residue left behind after reflow soldering. 

Important considerations in cleaning are: 

• Time between soldering and cleaning to be as short as 
possible. Residue should not be allowed to solidify on the 
substrate for long periods of time, making it difficult to 
dislodge. 

• A low surface tension solvent (high penetration) should be 
employed. Solvents commercially available are: 

Freon TMS (general purpose) 

Freon TE35/TP35 (cold-dip cleaning) 

Freon TES (general purpose) 

It should also be noted that these solvents generally will 
leave the substrate surface hydrophobic (moisture repel- 
lent), which is desirable. 

Prelete or 1,1,1-Trichloroethane 
Kester 5120/5121 

• A defluxer system which allows the workpiece to be sub- 
jected to a solvent vapor, followed by a rinse in pure sol- 
vent and a high-pressure spray lance are the basic requir- 
ments for low-volume production. 

• For volume production, a conveyorized, multiple hot sol- 
vent spray/jet system is recommended. 

• Rosin, being a natural occurring material, is not readily 
soluble in solvents, and has long been a stumbling block 
to the cleaning process. In recent developments, synthet- 
ic flux (SA flux), which is readily soluble in Freon TMS 
solvent, has been developed. This should be explored 
where permissible. 

The dangers of an inadequate cleaning cycle are: 

• Ion contamination, where ionic residue left on boards 
would cause corrosion to metallic components, affecting 
the performance of the board. 

• Electro-migration, where ionic residue and moisture pres- 
ent on electrically-biased boards would cause dentritic 
growth between close spacing traces on the substrate, 
resulting in failures (shorts). 

REWORK 

Should there be a need to replace a component or re-align 
a previously disturbed component, a hot air system with ap- 
propriate orifice masking to protect surrounding compo- 
nents may be used. 

When rework is necessary in the field, specially-designed 
tweezers that thermally heat the component may be used to 
remove it from its site. The replacement can be fluxed at the 


Hot-Air Solder Rework Station 



Hot-Air Rework Machine 
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lead tips or, if necessary, solder paste can be dispensed 
onto the pads using a varimeter. After being placed into 
position, the solder is reflowed by a hot-air jet or even a 
standard soldering iron. 

WAVE SOLDERING 

In a case where lead insertions are made on the same 
board as surface-mounted components, there is a need to 
include a wave-soldering operation in the process flow. 

Two options are used: 

• Surface mounted components are placed and vapor 
phase reflowed before auto-insertion of remaining compo- 
nents. The board is carried over a standard wave-solder 
system and the underside of the board (only lead-inserted 
leads) soldered. 

• Surface-mounted components are placed in position, but 
no solder paste is used. Instead, a drop of adhesive about 
5 mils maximum in height with diameter not exceeding 
25% width of the package is used to hold down the pack- 
age. The adhesive is cured and then proceeded to auto- 
insertion on the reverse side of the board (surface-mount- 
ed side facing down). The assembly is then passed over a 
“dual wave” soldering system. Note that the surface- 
mounted components are immersed into the molten sol- 
der. 

Lead trimming will pose a problem after soldering in the 
latter case, unless the leads of the insertion components 
are pre-trimmed or the board specially designed to localize 
certain areas for easy access to the trim blade. 

The controls required for wave soldering are: 

• Solder temperature to be 240-260°C. The dwell time of 
components under molten solder to be short (preferably 
kept under 2 seconds), to prevent damage to most com- 
ponents and semiconductor devices. 

• RMA (Rosin Mildly Activated) flux or more aggressive OA 
(Organic Acid) flux are applied by either dipping or foam 
fluxing on boards prior to preheat and soldering. Cleaning 
procedures are also more difficult (aqueous, when OA flux 
is used), as the entire board has been treated by flux (un- 
like solder paste, which is more or less localized). Non- 
halide OA fluxes are highly recommended. 

• Preheating of boards is essential to reduce thermal shock 
on components. Board should reach a temperature of 
about 1 00°C just before entering the solder wave. 

• Due to the closer lead spacings (0.050" vs 0.100" for 
dual-in-line packages), bridging of traces by solder could 
occur. The reduced clearance between packages also 
causes “shadowing” of some areas, resulting in poor sol- 
der coverage. This is minimized by dual-wave solder sys- 
tems. 
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(a) Same Side 


(b) Opposite Sides 



A typical dual-wave system is illustrated below, showing the 
various stages employed. The first wave typically is in turbu- 
lence and given a transverse motion (across the motion of 
the board). This covers areas where “shadowing” occurs. A 
second wave (usually a broad wave) then proceeds to per- 
form the standard soldering. The departing edge from the 
solder is such to reduce “icicles,” and is still further reduced 
by an air knife placed close to the final soldering step. This 
air knife will blow off excess solder (still in the fluid stage) 
which would otherwise cause shorts (bridging) and solder 
bumps. 

AQUEOUS CLEANING 

• For volume production, a conveyorized system is often 
used with a heated recirculating spray wash (water tem- 
perature 130°C), a final spray rinse (water temperature 
45-55°C), and a hot (120°C) air/air-knife drying section. 

• For low-volume production, the above cleaning can be 
done manually, using several water rinses/tanks. Fast- 
drying solvents, like alcohols that are miscible with water, 
are sometimes used to help the drying process. 

• Neutralizing agents which will react with the corrosive ma- 
terials in the flux and produce material readily soluble in 
water may be used; the choice depends on the type of flux 
used. 

° Final rinse water should be free from chemicals which are 
introduced to maintain the biological purity of the water. 
These materials, mostly chlorides, are detrimental to the 
assemblies cleaned because they introduce a fresh 
amount of ionizable material. 



CONFORMAL COATING 

Conformal coating is recommended for high-reliability PCBs 

to provide insulation resistance, as well as protection 

against contamination and degradation by moisture. 

Requirements: 

• Complete coating over components and solder joints. 

• Thixotropic material which will not flow under the pack- 
ages or fill voids, otherwise will introduce stress on solder 
joints on expansion. 

• Compatibility and possess excellent adhesion with PCB 
material/components. 

o Silicones are recommended where permissible in 
application. 
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SMD Lab Support 

FUNCTIONS 

Demonstration — Introduce first-time users to surface- 
mounting processes. 

Service — Investigate problems experienced by users on 
surface mounting. 

Reliability Builds — Assemble surface-mounted units for re- 
liability data acquisition. 


Techniques — Develop techniques for handling different 
materials and processes in surface mounting. 

Equipment — In conjunction with equipment manufacturers, 
develop customized equipments to handle high density, 
new technology packages developed by National. 

In-House Expertise — Availability of in-house expertise on 
semiconductor research/development to assist users on 
packaging queries. 
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LF 356 N /A+ 

""I— RELIABILITY PROGRAM (OPTIONAL) 

(REFER TO PROGRAM) 

L- PACKAGE TYPE (SEE BELOW) 

L— DEVICE NUMBER (GENERIC TYPE) AND 
SUFFIX LETTER (OPTIONAL) 

A: INPROVED ELECTRICAL SPECIFICATION 
C: COMMERCIAL TEMPERATURE RANGE 
(2ND SOURCE PRODUCTS) 

— DEVICE FAMILY (SEE BELOW) 

TL/XX/0027-1 


Device Family 

Integrated Circuits (IC’s) 


ADC 

Data Conversion 

AF 

Active Filter 

AH 

Analog Switch (Hybrid) 

AM 

Analog Switch (Monolithic) 

DAC 

Data Conversion 

DM 

Digital (Monolithic) 

HS 

Hybrid 

LF 

Linear (Bifet) 

LH 

Linear (Hybrid) 

LM 

Linear (Monolithic) 

LMC 

Linear CMOS 

LP 

Linear (Low Power) 

MF 

Linear (Monolithic Filter) 

SL 

Special Linear 

LMF 

Linear Monolithic Filter 


Package Type* 

IC’s Only 


D 

Glass/Metal DIP 

E 

Ceramic Leadless Chip Carrier (LCC) 

F 

Glass/Metal Flat Pak (i/ 4 " x y 4 ") 

G 

12 Lead TO-8 M/C 

H 

Multi-Lead M/C 

H-05 

4 Lead M/C (TO-5) 1 Shipped with 

H-46 

4 Lead M/C (TO-46) J Thermal Shield 

J 

Lo-Temp Ceramic DIP (Sometimes referred to as 
the “Fit-Seal” Package). 

J-8 

8 Lead Ceramic DIP (“MiniDIP”) 

J-14 

1 4 Lead Ceramic DIP (-1 4 used only when 
product is also available in -8 pkg). 

K 

TO-3 M/C in Steel, except LM309K 
which is shipped in Aluminum 

KC 

TO-3 M/C (Aluminum) 

K Steel 

TO-3 M/C (Steel) 

M 

Small Outline Package 

N 

Molded DIP (EPOXY B) 

N-01 

Molded DIP (Epoxy B) with Staggered Leads 

N-8 

8 Lead Molded DIP (Epoxy B) (“Mini-DIP”) 

N-14 

1 4 Lead Molded DIP (Epoxy B) 

(-1 4 used only when product is also 
available in -8 pkg). 

P 

3 Lead TO-202 PWR Pkg 

Q 

Cerdip with UV Window 

T 

3,5,1 1 ,1 5 & 23 Lead TO-220 PWR Pkg (Epoxy B) 

V 

Multi-lead Plastic Chip Carrier (PCC) 

W 

Lo-Temp Ceramic Flat Pak 

WM 

Wide Body Small Outline Package 


DATE CODE 
NON-MILITARY 

2ND DIGIT -CALENDAR YEAR 
3RD&4TH DIGITS -CALENDAR WORK WEEK 


MILITARY -883B&M385 10 

1ST&2ND DIGITS -CALENDAR YEAR 
3RD&4TH DIGITS - CALENDAR WORK WEEK 
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Appendix B Application Note Referenced by Part Number 
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Appendix B 


APPLICATION NOTE REFERENCED BY PART NUMBER 


National Semiconductor Linear Application notes are normally written to explain 
the operation and use of a particular device or family of IC’s, or to present alterna- 
tive technical solutions. The following PART NUMBER index references the pub- 
lished application notes that would offer application assistance for those specific 
IC’s. 

The 1986 Linear Applications Handbook is a complete text for all current Applica- 
tion Notes for both Monolithic and Hybrid products. Specific Application Notes are 
available upon request through National Semiconductor Sales Offices. 


DEVICE NUMBER APPLICATION NOTE 

ADCXXXX AN-156 

ADC80 AN-360 

ADC0801 AN-233, AN-271, AN-274, AN-280, AN-281, AN-294, LB-53 

ADC0802 AN-233, AN-274, AN-280, AN-281, LB-53 

ADC0803 AN-233, AN-274, AN-280, AN-281, LB-53 

ADC0804 AN-233, AN-274, AN-276, AN-280, AN-281 , LB-53 

ADC0805 AN-233, AN-274, AN-280, AN-281 , LB-53 

ADC0808 AN-247, AN-280, AN-281 

ADC0809 AN-247, AN-280 

ADC0816 AN-193, AN-247, AN-258, AN-280 

ADC0817 AN-247, AN-258, AN-280 

ADC0820 AN-237 

ADC0831 AN-280, AN-281 

ADC0832 AN-280, AN-281 

ADC0833 AN-280, AN-281 

ADC0834 AN-280, AN-281 

ADC0838 AN-280, AN-281 

ADC1001 AN-276, AN-280, AN-281 

ADC1005 AN-280 

ADC1210 AN-245 

ADC3501 AN-200, AN-202 

ADC3511 AN-200 

ADC3701 AN-200 

ADC3711 AN-200 

AH0014 AN-38 

AH0019 AN-38 

CD4016 AB-10 

DACXXXX AN-156 

DAC0830 AN-284 

DAC0831 AN-271, AN-284 

DAC0832 AN-271, AN-284 

DAC1000 AN-271, AN-275, AN-277, AN-284 

DAC1 001 AN-271 , AN-275, AN-277, AN-284 

DAC1002 AN-271, AN-275, AN-277, AN-284 

DAC1006 AN-271, AN-275, AN-277, AN-284 

DAC1007 AN-271, AN-275, AN-277, AN-284 
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DEVICE NUMBER APPLICATION NOTE 

DAC1008 AN-271 , AN-275, AN-277, AN-284 

DAC1020 AN-263, AN-269, AN-293, AN-294, AN-299 

DAC1021 AN-269 

DAC1022 AN-269 

DAC1208 AN-271, AN-284 

DAC1209 AN-271, AN-284 

DAC1210 AN-271, AN-284 

DAC1218 AN-293 

D AC 1220 AN-253, AN-269 

D AC 1221 AN-269 

D AC 1222 AN-269 

DAC1230 AN-284 

D AC 1231 AN-271, AN-284 

DAC1232 AN-271, AN-284 

DAC1280 AN-261, AN-263 

DH0034 AN-253 

DH0035 AN-49 

DS8606 AN-381, AN-382 

DS8608 AN-382 

DTI 058 AN-287 

DTI 060 AN-287 

DTSW250E2 AN-287 

DTSW250GI AN-287 

INS8070 AN-260 

LF111 LB-39 

LF155 AN-263, AN-447 

LF198 AN-245, AN-294 

LF311 AN-301 

LF347 AN-256, AN-262, AN-263, AN-265, AN-266, AN-301, AN-344, AN-447 

LF351 AN-242, AN-263, AN-266, AN-271 , AN-275, AN-293, AN-447, Appendix C 

LF351A AN-240 

LF351B Appendix D 

LF353 AN-256, AN-258, AN-263, AN-264, AN-271, AN-285, AN-293, AN-447, LB-44, Appendix D 

LF356 AN-253, AN-258, AN-260, AN-263, AN-266, AN-271, AN-272, 

AN-275, AN-293, AN-294, AN-295, AN-301, AN-447 

LF357 AN-263, AN-447, LB-42 

LF398 AN-247, AN-258, AN-266, AN-294, AN-298, LB-45 

LF400 AN-428, AN-447 

LF41 1 AN-294, AN-301, AN-344, AN-447 

LF412 AN-272, AN-299, AN-301, AN-344, AN-447 

LF441 AN-301, AN-447 

LF13006 AN-344 

LF13007 AN-344 

LF13331 AN-294, AN-447 

LF1 3508 AN-289, AN-360, AN-447 

LF1 3509 AN-289, AN-295, AN-447 

LH0002 AN-13, AN-63, AN-227, AN-244, AN-263, AN-272, AN-301 

LH0022 AN-63, AN-75 

LH0023 AN-245, AN-360 

LH0024 AN-253 

LH0032 AN-242, AN-244, AN-253 

LH0033 AN-48, AN-1 1 5, AN-227, AN-253 

LH0042 AN-63 


7-5 


Appendix B Application Note Referenced by Part Number 




Appendix B Application Note Referenced by Part Number 


DEVICE NUMBER APPLICATION NOTE 

LH0043 AN-245 

LH0052 AN-63 

LH0053 AN-245 

LH0062 AN-75 

LH0063 : AN-227 

LH0070 AN-301 

LH0071 AN-245 

LH0082 AN-244, AN-266 

LH0086 AN-245, AN-360 

LH0091 AN-180 

LH0094 AN-301 

LH0101 AN-261 

LH1605 AN-343 

LM10 AN-21 1 , AN-247, AN-258, AN-271 , AN-288, AN-299, AN-300 

LM11 AN-241 , AN-242, AN-260, AN-266, AN-271 

LM12 AN-446 

LM1 01 AN-4, AN-1 3, AN-20, AN-24, AN-75, LB-42, Appendix A 

LM101A AN-29, AN-30, AN-31 , AN-79, AN-241, LB-1, LB-2, LB-4, LB-8, 

LB-14, LB-16, LB-19, LB-28 

LM1 02 AN-4, AN-1 3, AN-30, LB-1 , LB-5, LB-6, LB-1 1 

LM103 AN-1 10, LB-41 

LM104 AN-21, LB-3, LB-7, LB-10, LB-40 

LM105 AN-21, AN-23, AN-110, LB-3, LB-7, LB-10 

LM106 AN-41, LB-6, LB-12 

LM107 AN-20, AN-31, LB-1, LB-12, LB-19, Appendix A 

LM108 AN-29, AN-30, AN-31, AN-63, AN-79, AN-211, AN-241, LB-14, LB-15, LB-21 

LM108A AN-260, LB-15, LB-19 

LM109 AN-42, LB-15 

LM109A LB-15 

LM110 LB-11, LB-42 

LM111 AN-41, AN-103, LB-12, LB-16, LB-32, LB-39 

LM112 AN-63, LB-1 9 

LM1 1 3 AN-56, AN-1 1 0, LB-21 , LB-24, LB-28, LB-37 

LM117 AN-1 78, AN-181, AN-182, LB-46, LB-47 

LM117HV LB-46, LB-47 

LM118 LB-1 7, LB-1 9, LB-21 , LB-23, Appendix A 

LM119 AN-1 15, LB-23 

LM120 AN-182 

LM121 AN-79, AN-104, AN-184, AN-260, LB-22 

LM121A LB-32 

LM122 AN-97, LB-38 

LM125 AN-82 

LM126 AN-82 

LM129 AN-1 73, AN-1 78, AN-262, AN-266 

LM131 AN-210, Appendix D 

LM131A AN-210 

LM134 LB-41 

LM135 AN-225, AN-262, AN-292, AN-298 

LM137 LB-46 

LM137HV LB-46 

LM138 LB-46 

LM139 AN-74 

LM143 AN-1 27, AN-271 

LM148 AN-260 
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DEVICE NUMBER APPLICATION NOTE 

LM150 LB-46 

LM158 AN-116 

LM160 AN-87 

LM161 AN-87, AN-266 

LM163 AN-295 

LM194 AN-222, LB-21 

LM195 AN-110 

LM199 AN-1 61, AN-260, AN-360 

LM199A AN-161 

LM211 LB-39 

LM216A LB-37 

LM231 AN-210 

LM231A AN-225 

LM235 AN-225 

LM239 AN-74 

LM258 AN-116 

LM260 AN-87 

LM261 AN-87 

LM301 A AN-1 78, AN-1 81 , AN-222 

LM304 LB-40 

LM308 AN-88, AN-184, AN-272, LB-22, LB-28, Appendix D 

LM308A AN-225, LB-24 

LM309 AN-1 78, AN-1 82 

LM31 1 AN-41 , AN-1 03, AN-260, AN-263, AN-288, AN-294, 

AN-295, AN-307, LB-12, LB-16, LB-18, LB-39 

LM313 AN-263 

LM316 AN-258 

LM317 AN-178, LB-35, LB-46 

LM317H LB-47 

LM318 AN-1 1 5, AN-299, LB-21 

LM319 AN-1 15, AN-271, AN-293 

LM320 AN-288 

LM321 LB-24 

LM324 AN-88, AN-258, AN-274, AN-284, AN-301, LB-44, AB-25, Appendix C 

LM329 AN-256, AN-263, AN-284, AN-295, AN-301 

LM329B AN-225 

LM330 AN-301 

LM331 AN-210, AN-240, AN-265, AN-278, AN-285, AN-311, LB-45, Appendix, C Appendix D 

LM331A AN-210, Appendix C 

LM334 AN-242, AN-256, AN-284 

LM335 AN-225, AN-263, AN-295 

LM336 AN-202, AN-247, AN-258 

LM337 LB-46 

LM338 LB-49, LB-51 

LM339 AN-74, AN-245, AN-274 

LM340 AN-1 03, AN-1 82 

LM340L AN-256 

LM342 AN-288 

LM346 AN-202, LB-54 

LM347 LB-44 

LM348 AN-202, LB-42 

LM349 LB-42 

LM358 AN-1 1 6, AN-247, AN-271 , AN-274, AN-284, AN-298, Appendix C 

LM358A Appendix D 
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DEVICE NUMBER APPLICATION NOTE 

LM359 AN-278, AB-24 

LM360 AN-87 

LM361 AN-87, AN-294 

LM363 AN-271 

LM380 AN-69, AN-1 46 

LM381 AN-64, AN-1 04 

LM382 AN-147 

LM385 AN-242, AN-256, AN-301 , AN-344 

LM386 LB-54 

LM389 AN-256, AN-263, AN-264, AN-274 

LM391 AN-272 

LM392 AN-274, AN-286 

LM393 AN-271, AN-274, AN-293 

LM394 AN-262, AN-263, AN-264, AN-271 , AN-293, AN-299, AN-31 1 , LB-52 

LM395 AN-1 78, AN-1 81 , AN-262, AN-263, AN-266, AN-301 , LB-28 

LM399 AN-184 

LM555 AB-7 

LM556 AB-7 

LM565 AN-46, AN-1 46 

LM566 AN-146 

LM567 AN-46 

LM709 AN-24, AN-30 

LM710 AN-41, LB-12 

LM725 LB-22 

LM741 AN-75, AN-79, LB-19, LB-22 

LM832 AN-386, AN-390 

LM833 AN-346 

LM1036 AN-390 

LM1310 AN-81 

LM1524 AN-272, AN-288, AN-292, AN-293 

LM1800 AN-81, AN-147 

LM1812 AB-20 

LM1818 AN-407 

LM1820 LB-29 

LM1823 AN-391 

LM1828 Appendix B 

LM1830 AB-10 

LM1837 AN-407 

LM1845 Appendix B 

LM1863 AN-381, AN-382 

LM1865 AN-382, AN-390 

LM1870 AN-382 

LM1886 AN-402 

LM1889 AN-402 

LM1894 AN-384, AN-386, AN-390 

LM1897 AN-407 

LM2878 AN-147 

LM2889 AN-391, AN-402 

LM2907 AN-162 

LM2917 AN-162 

LM2931 AB-12 

LM2931CT AB-11 
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DEVICE NUMBER APPLICATION NOTE 

LM3045 AN-286 

LM3046 AN-146, AN-299 

LM3089 AN-147 

LM3524 AN-272, AN-288, AN-292, AN-293 

LM3820 AN-1 47, LB-29 

LM3900 AN-72, AN-263, AN-274, AN-278, LB-20, AB-24 

LM3909 AN-154 

LM3911 LB-27 

LM3914 LB-48, AB-25 

LM3915 AN-386 

LM3999 AN161 

LM4250 AN-88, LB-34 

LM7800 AN-178 

LM78L12 AN-146 

LMC835 AN-435 

LP324 AN-284 

MF10 AN-307 

MM1458 AN-116 

MM1558 AN-116 

MM1558C AN-116 

MM2716 LB-54 

MM54104 AN-252, AN-287, LB-54 

MM57110 AN-382 

MM74C00 AN-88 

MM74C02 AN-88 

MM74C04 AN-88 

MM74C948 AN-193 

MM74LS138 LB-54 

2N4339 AN-32 

LH4101 AN-480 

LM34/35 AN-460 

LM32900 AN-478 

LM3578 AB-30 

LPXXXX AN-462 

LM34 AN-462 

LM35 AN-462 

LM385 AN-462 

LMC13334 AN-462 

LP2950 AN-462 

LP2951 AN-462 

LP311 AN-462 

LP324 AN-462 

LP339 AN-462 

LP365 AN-462 
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Appendix C 

Summary of Commercial Reliability Programs 


General 

National Semiconductor Commercial Reliability Programs 
provide a broad range of off-the-shelf enhanced semicon- 
ductor products that supply an extra measure of quality and 
reliability needed in high-stress or difficult to service applica- 
tions. 

National’s A+ and B+ programs allow each individual cus- 
tomer to: 

• Minimize the need for incoming electrical inspection 

• Eliminate the need and associated costs of using inde- 
pendent testing laboratories 

• Reduction in infant mortality rate 

• Reduction in reworked board costs 

• Reduction in warranty and service costs 

A+ Product Enhancement 

The A+ Product Enhancement incorporates the benefits of 
the Multiple-Pass and Elevated Temperature along with 
“BURN-IN.” 

The A + Program provides: 

• 100% Temperature Cycling 

• 100% Electrical Testing at Room and High Temperature 

• 100% Burn-In Testing Combining Increased Tempera- 
ture with Applied Voltage 

• Acceptable Quality Levels Greater than Industry Norm 


Typical A + Flow is: 

• SEM 

• Assembly and Seal 

• Four Hour 150°C Bake 

• Five Temperature Cycles (0°C to +100°C) 

• High Temperature Electrical Test 

• Electrical Test 

• Burn-In (160 hours at a minimum junction temperature of 
1 25°C) 

• DC Parametric and Function Tests 

• Tightened Quality Control Inspection Plans 

Note: Certain products may follow slightly different process flows dictated 
by specific capabilities and device characteristics, consult NSC. 

P+ Product Enhancement 

The P+ product enhancement program applies to regulator 
devices and offers an added advantage. P + involves a dy- 
namic self-heating burn-in that tests the thermal shutdown 
of the regulator. P + is proven more effective than the stan- 
dard 125°C burn-in as an early screen for infant mortality 
defects. It sharply reduces the cost of testing incoming com- 
ponents. Reliability Report L-140 further explains the P+ 
process. The following chart lists regulators which receive 
P+ prior to shipment and at no additional cost. 


Device 

Package Types 

TO-3 

K STEEL 

TO-39 H 

TO-220 T 

TO-202 P 

TO-92 Z 

LM1 09/309 

X 

X 




LM117/317 

X 

X 

X 

X 


LM1 17HV/317HV 

X 

X 




LM 120/320 

X 

X 

X 

X 


LM1 23/323 

X 





LM1 37/337 

X 

X 

X 

X 


LM1 37HV/337HV 

X 

X 




LM1 38/338 

X 





LM1 40/340 

X 

X 

X 

X 


LM 145/345 

X 





LM1 50/250/350 

X 





LM1 96/396 

X 





LM2930/ 2935/2940/ 2984 



X 



LM2931 


1 

X 


X 

LM78XX 



X 
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Appendix D 

Military Aerospace Programs 
from National Semiconductor 


This appendix is intended to provide a brief overview of mili- 
tary products available from National Semiconductor. For 
further information, refer to our 1987 Reliability Handbook. 

MIL-M-38510 

The MIL-M-38510 Program, which is sometimes called the 
JAN 1C Program, is administered by the Defense Electronics 
Supply Center (DESC). The purpose of this program is to 
provide the military community with standardized products 
that have been manufactured and screened to government- 
controlled specifications in government-certified facilities. 
All 38510 manufacturers must be formally qualified and their 
products listed on DESC’s Qualified Products List (QPL) be- 
fore devices can be marked and shipped as JAN product. 
There are two processing levels specified within MIL-M- 
38510: Classes S and B. Class S is typically specified for 
space flight applications, while Class B is used for aircraft 
and ground systems. National is a major supplier of both 
classes of devices. Screening requirements are outlined in 
Table III. 

Tables I and II explain the JAN device marking system. 
Copies of MIL-M-38510, the QPL, and other related docu- 
ments may be obtained from: 

Naval Publications and Forms Center 
5801 Tabor Avenue 
Philadelphia, PA 19120 
(212) 697-2179 

DESC Specifications 

DESC specifications are issued to provide standardized ver- 
sions of devices which are not yet available as JAN product. 
MIL-STD-883 Class B screening is coupled with tightly con- 
trolled electrical specifications which have been written to 
allow a manufacturer to use his standard electrical tests. A 
current listing of National’s DESC specification offerings can 
be obtained from our franchised distributors, sales offices, 
or DESC. DESC is located in Dayton, Ohio. 


MIL-STD-883 

Although originally intended to establish uniform test meth- 
ods and procedures, MIL-STD-883 has also become the 
general specification for non-JAN military product. Revision 
C of this document defines the minimum requirements for a 
device to be marked and advertised as 883-compliant. In- 
cluded are design and construction criteria, documentation 
controls, electrical and mechanical screening requirements, 
and quality control procedures. Details can be found in par- 
agraph 1.2.1 of MIL-STD-883. 

National offers both 883 Class B and 883 Class S product. 
The screening requirements for both classes of product are 
outlined in Table III. 

As with DESC specifications, a manufacturer is allowed to 
use his standard electrical tests provided that all critical pa- 
rameters are tested. Also, the electrical test parameters, 
test conditions, test limits, and test temperatures must be 
clearly documented. At National Semiconductor, this infor- 
mation is available via our RETS (Reliability Electrical Test 
Specification Program). The RETS document is a complete 
description of the electrical tests performed and is con- 
trolled by our QA department. Individual copies are available 
upon request. 

Some of National’s older products are not completely com- 
pliant with MIL-STD-883 but are still required for use in mili- 
tary systems. These devices are screened to the same 
stringent requirements as 883 product but are marked 
“-MIL”. 

Military Screening Program (MSP) 

National’s Military Screening Program was developed to 
make screened versions of advanced products such as gate 
arrays and microprocessors available more quickly than is 
possible for JAN and 883 devices. Through this program, 
screened product is made available for prototypes and 
breadboards prior to or during the JAN or 883 qualification 
activities. MSP products receive the 100% screening of Ta- 
ble III but are not subjected to Group C and D quality con- 
formance testing. Other criteria such as electrical testing 
and temperature range will vary depending upon individual 
device status and capability. 
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TABLE I. The MIL-M-38510 Part Marking 

J M38510 /XXXXXYYY 

t-Lead Finish 
A = Solder Dipped 
B = Tin Plate 
C = Gold Plate 
X = Any lead finish above 
is acceptable 

— Device Package 
(see Table II) 

Screening Level 

S, B, or C 

Device Number on 

Slash Sheet 

Slash Sheet Number 

For radiation hard devices 

this slash is replaced by the 
Radiation Hardness Assurance 
Designator (M, D, R, or H per 
paragraph 3.4. 1.3 of MIL-M- 
38510) 

MIL-M-38510 

JAN Prefix 

(which may be applied only to 
a fully conformant device per 
paragraphs 3.6.2. 1 and 3.6.7 of 
MIL-M-38510) 

CI24-1 


TABLE II. JAN Package Codes 


38510 

Package 

Designation 

Microcircuit Industry 
Description 

A 

1 4-Pin 1 /4" X 1 /A" (metal) flat pack 

B 

14-Pin 3/16" X 1/4" flat pack 

C 

14-Pin 1/4" X3/4" dual-in-line 

D 

14-Pin 1 /A" X 3/8" (ceramic) flat pack 

E 

16-Pin 1/4" X 3/8" dual-in-line 

F 

16-Pin 1/4" X 3/8" (metal or ceramic) 
flat pack 

G 

8-pin TO-99 can or header 

H 

1 0-pin 1 /A" x 1 /A" (metal) flat pack 

1 

1 0-pin TO-1 00 can or header 

J 

24-pin 1/2" x 1-1/4" dual-in-line 

K 

24-pin 3/8" x 5/8" flat pack 

L 

24-pin 1/4" x 1-1/4" dual-in-line 

M 

12-pin TO-1 01 can or header 

N 

(Note 1) 

P 

8-pin 1/4" x3/8" dual-in-line 

Q 

40-pin 3/16" x 2-1/16" dual-in-line 

R 

20-pin 1/4" x 1-1/16" dual-in-line 

S 

20-pin 1 /A" x 1 /2" flat pack 

T 

(Note 1) 

U 

(Note 1) 

V 

18-pin 3/8" x 15/16" dual-in-line 

w 

22-pin 3/8" x 1-1/8" dual-in-line 

X 

(Note 1) 

Y 

(Note 1) 

z 

(Note 1) 

2 

20-terminal 0.350" x 0.350" chip carrier 

3 

28-terminal 0.450" x 0.450" chip carrier 


Note 1: These letters are assigned to packages by individual detail specifi- 
cations and may be assigned to different packages in different specifica- 
tions. 
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TABLE III. 100% Screening Requirements 


Screen 

Class S 

Class B 

Method 

Reqmt 

Method 

Reqmt 

1 . 

Wafer Lot Acceptance 

5007 

All Lots 


_ 

2. 

Nondestructive Bond Pull 

2023 

100% 


— 

3. 

Internal Visual (Note 1) 

2010, Condition A 

100% 

2010, Condition B 

100% 

4. 

Stabilization Bake 

1008, Condition C, 

100% 

1008, Condition C, 

100% 



24 hrs. Min. 


24 hrs. Min. 


5. 

Temp. Cycling (Note 2) 

1010, Condition C 

100% 

1010, Condition C 

100% 

6. 

Constant Acceleration 

2001, Condition E (Min.) 

100% 

2001, Condition E, (Min.), 

100% 



Y-i Orientation Only 


Y-| Orientation Only 


7. 

Visual Inspection (Note 3) 


100% 


100% 

8. 

Particle Impact Noise Detection (PIND) 

2020, Condition A (Note 4) 

100% 


— 

9. 

Serialization 

(Note 5) 

100% 


— 

10. 

Interim (Pre-Burn-In) Electrical 

Per Applicable Device 

100% 

Per Applicable Device 

— 


Parameters 

Specification (Note 13) 


Specification (Note 6) 


11. 

Burn-In Test 

1015 

100% 

1015 

100% 



240 Hrs. @ 125°C Min. 
(Cond. F Not Allowed) 


160 Hrs. @125°C Min. 


12. 

Interim (Post-Burn-In) Electrical 

Per Applicable Device 

100% 




Parameters 

Specification (Note 13) 




13. 

Reverse Bias Burn-In (Note 7) 

1 01 5; Test Condition A, C, 
72 Hrs. @ 150°C Min. 

(Cond. F Not Allowed) 

100% 


— 

15. 

PDA Calculation 

5% Parametric (Note 14), 
3% Functional -25°C 

All Lots 

5% Parametric (Note 14) 

All Lots 

16. 

Final Electrical Test 

1 

Per Applicable Device 


Per Applicable Device 



a) Static Tests 

Specification 


Specification 



1) 25°C (Subgroup 1 , Table 1, 5005) 


100% 


100% 


2) Max & Min Rated Operating Temp. 
(Subgroups 2, 3, Table 1, 5005) 


100% 


100% 


b) Dynamic Tests & Switching Tests, 25°C 


100% 


100% 


(Subgroups 4, 9, Table 1, 5005) 




c) Functional Test, 25°C 
(Subgroup 7, Table 1, 5005) 


100% 


100% 
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TABLE III. 100% Screening Requirements (Continued) 


Screen 

Class S 

Class B 

Method 

Reqmt 

Method 

Reqmt 

17. 

Seal Fine, Gross 

1014 

100%, (Note 8) 

1014 

100%, (Note 9) 

18. 

Radiographic (Note 10) 

2012 Two Views 

100% 


— 

19. 

Qualification or Quality Conformance 

Inspection Test Sample Selection 

(Note 11) 

Samp. 

(Note 11) 

Samp. 

20. 

External Visual (Note 1 2) 

2009 

100% 


100% 


Note 1: Unless otherwise specified, at the manufacturer’s option, test samples for Group B, bond strength (Method 5005) may be randomly selected prior to or 
following internal visual (Method 5004), prior to sealing provided all other specification requirements are satisfied (e.g. bond strength requirements shall apply to 
each inspection lot, bond failures shall be counted even if the bond would have failed internal visual). 

Note 2: For Class B devices, this test may be replaced with thermal shock method 1011, test condition A, minimum. 

Note 3: At the manufacturer’s option, visual inspection for catastrophic failures may be conducted after each of the thermal/mechanical screens, after the 
sequence or after seal test. Catastrophic failures are defined as missing leads, broken packages, or lids off. 

Note 4: The PIND test may be performed in any sequence after step 6 and prior to step 16. See MIL-M-38510, paragraph 4.6.3. 

Note 5: Class S devices shall be serialized prior to interim electrical parameter measurements. 

Note 6: When specified, all devices shall be tested for those parameters requiring delta calculations. 

Note 7: Reverse bias burn-in is a requirement only when specified in the applicable device specification. The order of performing burn-in and reverse bias burn-in 
may be inverted. 

Note 8: For Class S devices, the seal test may be performed in any sequence between step 16 and step 19, but it shall be performed after all shearing and forming 
operations on the terminals. 

Note 9: For Class B devices, the fine and gross seal tests shall be performed separate or together in any sequence and order between step 6 and step 20 except 
that they shall be performed after all shearing and forming operations on the terminals. When 100% seal screen cannot be performed after shearing and forming 
(e.g. flatpacks and chip carriers) the seal screen shall be done 100% prior to these operations and a sample test (LTPD = 5) shall be performed on each 
inspection lot following these operations. If the sample fails, 100% rescreening shall be required. 

Note 10: The radiographic screen may be performed in any sequence after step 19. 

Note 11: Samples shall be selected for testing in accordance with the specific device class and lot requirements of Method 5005 
Note 12: External Visual shall be performed on the lot any time after step 19 and prior to shipment. 

Note 13: Read and Record when past burn-in delta measurements are specified. 

Note 14: PDA shall apply to all static, dynamic, functional, and switching measurements at either 25°C or maximum rated operating temperature. 


7-14 



Military Analog Products Available From National Semiconductor 

Listed below are the military class B Analog devices available from National Semiconductor. Many of these are also available as 
Class S product. Additional information including new product plans can be obtained from our sales offices. 


Device Type 

AH0014D 

AH0015D 

AH0019D 


LF111H 




Mil * 883 

Class B Class B 


Desc JAN 



*Some older products are not completely compliant with MIL-STD-883 but are still required for use in military systems. These devices are screened to the same 
stringent requirements as 883 product but are marked “-MIL”. 
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Military Analog Products Available From National Semiconductor 

Listed below are the military class B Analog devices available from National Semiconductor. Many of these are also available as 
Class S product. Additional information including new product plans can be obtained from our sales offices. 


Device Type 


LH24250F 


Mil * 883 

Class B Class B 


Desc JAN 


Device Type 


Mil * 883 

Class B Class B 


Desc JAN 



LM10H 




LM101AH 





LM109KSTEEL 



LM117HVH 




LM117HVKSTL 




LM117KSTEEL 



LM119J 


; 

LM120H-12 



LM120H-15 




LM120H-5.0 



LM106H 



X 



LM107H 



X 





LM121H 


LM122H 


LM123KSTEEL 


J 


LM124J 




LM108J-8 



LM108J 






LM126H 






LM129AH 





LM131AH 

LM131H 


LM135H 


LM136AH-2.5 




LM110J 








LM136H-2.5 






LM136H-5.0 




LM137H 



LM137HVH 





*Some older products are not completely compliant with MIL-STD-883 but are still required for use in military systems. These devices are screened to the same 
stringent requirements as 883 product but are marked “-MIL”. 
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Military Analog Products Available From National Semiconductor 

Listed below are the military class B Analog devices available from National Semiconductor. Many of these are also available as 
Class S product. Additional information including new product plans can be obtained from our sales offices. 


Device Type 

LM139W 

LM140AK-12 

LM140AK-15 


Mil * 
Class B 


883 

Class B 


Device Type 

LM185H-1.2 

LM193AH 

LM193H 

LM193J-8 




LM194H 

LM195H 




LM160J-14 




LM160J 



■ 

LM161F 

x 




LM161H 


LM161J 


LM185BXH-1 .2 
LM185BYH-1.2 


LM555H 


LM555J 

LM556J 


LM567H 




LM709H 

LM710H 


LM723H 

LM723J 


LM725H 


LM733H 
LM741 AJ-14 
LM741AJ 
LM741H 


LM7415-14 


LM741J 


LM741W 


LM747H 

LM747J 


LM748H 

LM748J 


Mir 
Class B 




’Some older products are not completely compliant with MIL-STD-883 but are still required for use in military systems. These devices are screened to the same 
stringent requirements as 883 product but are marked “-MIL”. 
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Corporation 


Appendix E 

Understanding Integrated Circuit 
Package Power Capabilities 


INTRODUCTION 

The short and long term reliability of National Semiconduc- 
tor’s interface circuits, like any integrated circuit, is very de- 
pendent on its environmental condition. Beyond the me- 
chanical/environmental factors, nothing has a greater influ- 
ence on this reliability than the electrical and thermal stress 
seen by the integrated circuit. Both of these stress issues 
are specifically addressed on every interface circuit data 
sheet, under the headings of Absolute Maximum Ratings 
and Recommended Operating Conditions. 

However, through application calls, it has become clear that 
electrical stress conditions are generally more understood 
than the thermal stress conditions. Understanding the im- 
portance of electrical stress should never be reduced, but 
clearly, a higher focus and understanding must be placed on 
thermal stress. Thermal stress and its application to inter- 
face circuits from National Semiconductor is the subject of 
this application note. 

FACTORS AFFECTING DEVICE RELIABILITY 

Figure 1 shows the well known “bathtub” curve plotting fail- 
ure rate versus time. Similar to all system hardware (me- 
chanical or electrical) the reliability of interface integrated 
circuits conform to this curve. The key issues associated 
with this curve are infant mortality, failure rate, and useful 
life. 



EARLY LIFE USEFUL LIFE WEAROUT TIME 

TL/H/9312-1 

FIGURE 1. Failure Rate vs Time 

Infant mortality, the high failure rate from time to to tl (early 
life), is greatly influenced by system stress conditions other 
than temperature, and can vary widely from one application 
to another. The main stress factors that contribute to infant 
mortality are electrical transients and noise, mechanical 
maltreatment and excessive temperatures. Most of these 
failures are discovered in device test, burn-in, card assem- 
bly and handling, and initial system test and operation. Al- 
though important, much literature is available on the subject 
of infant mortality in integrated circuits and is beyond the 
scope of this application note. 


Failure rate is the number of devices that will be expected to 
fail in a given period of time (such as, per million hours). The 
mean time between failure (MTBF) is the average time (in 
hours) that will be expected to elapse after a unit has failed 
before the next unit failure will occur. These two primary 
“units of measure” for device reliability are inversely relat- 
ed: 


Failure Rate 

Although the “bathtub” curve plots the overall failure rate 
versus time, the useful failure rate can be defined as the 
percentage of devices that fail per-unit-time during the flat 
portion of the curve. This area, called the useful life, extends 
between tl and t2 or from the end of infant mortality to the 
onset of wearout. The useful life may be as short as several 
years but usually extends for decades if adequate design 
margins are used in the development of a system. 

Many factors influence useful life including: pressure, me- 
chanical stress, thermal cycling, and electrical stress. How- 
ever, die temperature during the device’s useful life plays an 
equally important role in triggering the onset of wearout. 


FAILURE RATES vs TIME AND TEMPERATURE 

The relationship between integrated circuit failure rates and 
time and temperature is a well established fact. The occur- 
rence of these failures is a function which can be represent- 
ed by the Arrhenius Model. Well validated and predominant- 
ly used for accelerated life testing of integrated circuits, the 
Arrhenius Model assumes the degradation of a performance 
parameter is linear with time and that MTBF is a function of 
temperature stress. The temperature dependence is an ex- 
ponential function that defines the probability of occurrence. 
This results in a formula for expressing the lifetime or MTBF 
at a given temperature stress in relation to another MTBF at 
a different temperature. The ratio of these two MTBFs is 
called the acceleration factor F and is defined by the follow- 
ing equation: 


[I 

(_L 

Ml 

Ik 

\T2 

Tl jj 


Where: XI = Failure rate at junction temperature T 1 
X2 = Failure rate at junction temperature T2 
T = Junction temperature in degrees Kelvin 
E = Thermal activation energy in electron volts 
(ev) 

K = Boltzman’s constant 
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However, the dramatic acceleration effect of junction tem- 
perature (chip temperature) on failure rate is illustrated in a 
plot of the above equation for three different activation en- 
ergies in Figure 2. This graph clearly demonstrates the im- 
portance of the relationship of junction temperature to de- 
vice failure rate. For example, using the 0.99 ev line, a 30° 
rise in junction temperature, say from 130°C to 160°C, re- 
sults in a 10 to 1 increase in failure rate. 



30 60 90 120 150 180 210 

JUNCTION TEMPERATURE (°C) 

TL/H/9312-2 

FIGURE 2. Failure Rate as a Function 
of Junction Temperature 

DEVICE THERMAL CAPABILITIES 

There are many factors which affect the thermal capability 
of an integrated circuit. To understand these we need to 
understand the predominant paths for heat to transfer out of 
the integrated circuit package. This is illustrated by Figures 
3 and 4. 

Figure 3 shows a cross-sectional view of an assembled inte- 
grated circuit mounted into a printed circuit board. 

Figure 4 is a flow chart showing how the heat generated at 
the power source, the junctions of the integrated circuit 


flows from the chip to the ultimate heat sink, the ambient 
environment. There are two predominant paths. The first is 
from the die to the die attach pad to the surrounding pack- 
age material to the package lead frame to the printed circuit 
board and then to the ambient. The second path is from the 
package directly to the ambient air. 

Improving the thermal characteristics of any stage in the 
flow chart of Figure 4 will result in an improvement in device 
thermal characteristics. However, grouping all these charac- 
teristics into one equation determining the overall thermal 
capability of an integrated circuit/package/environmental 
condition is possible. The equation that expresses this rela- 
tionship is: 

T J = Ta + P D (0j A ) 

Where: Tj = Die junction temperature 

Ta = Ambient temperature in the vicinity device 
Pd = Total power dissipation (in watts) 

0ja = Thermal resistance junction-to-ambient 
0ja, the thermal resistance from device junction-to-ambient 
temperature, is measured and specified by the manufactur- 
ers of integrated circuits. National Semiconductor utilizes 
special vehicles and methods to measure and monitor this 
parameter. All circuit data sheets specify the thermal char- 
acteristics and capabilities of the packages available for a 
given device under specific conditions — these package 
power ratings directly relate to thermal resistance junction- 
to-ambient or 0ja- 

Although National provides these thermal ratings, it is crit- 
ical that the end user understand how to use these numbers 
to improve thermal characteristics in the development of his 
system using 1C components. 



FIGURE 3. Integrated Circuit Soldered into a Printed Circuit Board (Cross-Sectional View) 



TL/H/9312-4 

FIGURE 4. Thermal Flow (Predominant Paths) 
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DETERMINING DEVICE OPERATING 
JUNCTION TEMPERATURE 

From the above equation the method of determining actual 
worst-case device operating junction temperature becomes 
straightforward. Given a package thermal characteristic, 
0ja, worst-case ambient operating temperature, TA(max), 
the only unknown parameter is device power dissipation, 
Pp. In calculating this parameter, the dissipation of the inte- 
grated circuit due to its own supply has to be considered, 
the dissipation within the package due to the external load 
must also be added. The power associated with the load in 
a dynamic (switching) situation must also be considered. 
For example, the power associated with an inductor or a 
capacitor in a static versus dynamic (say, 1 MHz) condition 
is significantly different. 

The junction temperature of a device with a total package 
power of 600 mW at 70°C in a package with a thermal re- 
sistance of 63°C/W is 1 08°C. 

Tj = 70°C + (63°C/W) X (0.6W) = 108°C 
The next obvious question is, “how safe is 108°C?” 
MAXIMUM ALLOWABLE JUNCTION TEMPERATURES 
What is an acceptable maximum operating junction temper- 
ature is in itself somewhat of a difficult question to answer. 
Many companies have established their own standards 
based on corporate policy. However, the semiconductor in- 
dustry has developed some defacto standards based on the 
device package type. These have been well accepted as 
numbers that relate to reasonable (acceptable) device life- 
times, thus failure rates. 

National Semiconductor has adopted these industry-wide 
standards. For devices fabricated in a molded package, the 
maximum allowable junction temperature is 150°C. For 
these devices assembled in ceramic or cavity DIP pack- 
ages, the maximum allowable junction temperature is 
175°C. The numbers are different because of the differenc- 
es in package types. The thermal strain associated with the 
die package interface in a cavity package is much less than 
that exhibited in a molded package where the integrated 
circuit chip is in direct contact with the package material. 
Let us use this new information and our thermal equation to 
construct a graph which displays the safe thermal (power) 
operating area for a given package type. Figure 5 is an ex- 
ample of such a graph. The end points of this graph are 
easily determined. For a 16-pin molded package, the maxi- 
mum allowable temperature is 1 50°C; at this point no power 
dissipation is allowable. The power capability at 25°C is 
1 .98W as given by the following calculation: 

~ Tj(max)— T a 150°C-25°C 

Pn @ 25 C = — = = 1 .98W 

u awn./vd 


The slope of the straight line between these two points is 
minus the inversion of the thermal resistance. This is re- 
ferred to as the derating factor. 

Derating Factor = - ~— 

0JA 

As mentioned, Figure 5 is a plot of the safe thermal operat- 
ing area for a device in a 16-pin molded DIP. As long as the 
intersection of a vertical line defining the maximum ambient 
temperature (70°C in our previous example) and maximum 
device package power (600 mW) remains below the maxi- 
mum package thermal capability line the junction tempera- 
ture will remain below 1 50°C — the limit for a molded pack- 
age. If the intersection of ambient temperature and package 
power fails on this line, the maximum junction temperature 
will be 1 50°C. Any intersection that occurs above this line 
will result in a junction temperature in excess of 150°C and 
is not an appropriate operating condition. 



25 50 75 100 125 150 175 

TEMPERATURE (°C) 


TL/H/9312-5 

FIGURE 5. Package Power Capability 
vs Temperature 

The thermal capabilities of all integrated circuits are ex- 
pressed as a power capability at 25°C still air environment 
with a given derating factor. This simply states, for every 
degree of ambient temperature rise above 25°C, reduce the 
package power capability stated by the derating factor 
which is expressed in mW/°C. For our example — a 0 ja of 
63°C/W relates to a derating factor of 15.9 mW/°C. 

FACTORS INFLUENCING PACKAGE 
THERMAL RESISTANCE 

As discussed earlier, improving any portion of the two pri- 
mary thermal flow paths will result in an improvement in 
overall thermal resistance junction-to-ambient. This section 
discusses those components of thermal resistance that can 
be influenced by the manufacturer of the integrated circuit. It 
also discusses those factors in the overall thermal resist- 
ance that can be impacted by the end user of the integrated 
circuit. Understanding these issues will go a long way in 
understanding chip power capabilities and what can be 
done to insure the best possible operating conditions and, 
thus, best overall reliability. 


7-20 




Die Size 

Figure 6 shows a graph of our 16-pin DIP thermal resistance 
as a function of integrated circuit die size. Clearly, as the 
chip size increases the thermal resistance decreases— this 
relates directly to having a larger area with which to dissi- 
pate a given power. 



1 2 3 4 5 6 7 8 910 

DIE SIZE (kMIL 2 ) 

TL/H/9312-6 

FIGURE 6. Thermal Resistance vs Die Size 
Lead Frame Material 

Figure 7 shows the influence of lead frame material (both 
die attach and device pins) on thermal resistance. This 
graph compares our same 16-pin DIP with a copper lead 
frame, a Kovar lead frame, and finally an Alloy 42 type lead 
frame — these are lead frame materials commonly used in 
the industry. Obviously the thermal conductivity of the lead 
frame material has a significant impact in package power 
capability. Molded interface circuits from National Semicon- 
ductor use the copper lead frame exclusively. 



1 2 3 4 5 6 7 8910 


DIE SIZE (KMIL 2 ) 

TL/H/9312-7 

FIGURE 7. Thermal Resistance vs 
Lead Frame Material 

Board vs Socket Mount 

One of the major paths of dissipating energy generated by 
the integrated circuit is through the device leads. As a result 
of this, the graph of Figure 8 comes as no surprise. This 
compares the thermal resistance of our 16-pin package sol- 
dered into a printed circuit board (board mount) compared 
to the same package placed in a socket (socket mount). 
Adding a socket in the path between the PC board and the 
device adds another stage in the thermal flow path, thus 
increasing the overall thermal resistance. The thermal capa- 
bilities of National Semiconductor’s interface circuits are 
specified assuming board mount conditions. If the devices 
are placed in a socket the thermal capabilities should be 
reduced by approximately 5% to 10%. 



1 2 3 4 5 6 7 8910 

DIE SIZE (kMIL 2 ) 

TL/H/9312-8 

FIGURE 8. Thermal Resistance vs 
Board or Socket Mount 

Air Flow 

When a high power situation exists and the ambient temper- 
ature cannot be reduced, the next best thing is to provide air 
flow in the vicinity of the package. The graph of Figure 9 
illustrates the impact this has on thermal resistance. This 
graph plots the relative reduction in thermal resistance nor- 
malized to the still air condition for our 16-pin molded DIP. 
The thermal ratings on National Semiconductor’s interface 



AIR FLOW (LINEAR FEET/ MINUTE) 

TL/H/9312-9 

FIGURE 9. Thermal Resistance vs Air Flow 
Other Factors 

A number of other factors influence thermal resistance. The 
most important of these is using thermal epoxy in mounting 
ICs to the PC board and heat sinks. Generally these tech- 
niques are required only in the very highest of power appli- 
cations. 

Some confusion exists between the difference in thermal 
resistance junction-to-ambient (0ja) and thermal resistance 
junction-to-case (0jc)- The best measure of actual junction 
temperature is the junction-to-ambient number since nearly 
all systems operate in an open air environment. The only 
situation where thermal resistance junction-to-case is impor- 
tant is when the entire system is immersed in a thermal bath 
and the environmental temperature is indeed the case tem- 
perature. This is only used in extreme cases and is the ex- 
ception to the rule and, for this reason, is not addressed in 
this application note. 
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Appendix E— Understanding Integrated Circuit Package Power Capabilities 


NATIONAL SEMICONDUCTOR 
PACKAGE CAPABILITIES 

Figures 10 and 11 show composite plots of the thermal 
characteristics of the most common package types in the 
National Semiconductor Linear Circuits product family. Fig- 
ure 10 is a composite of the copper lead frame molded 
package. Figure 11 is a composite of the ceramic (cavity) 
DIP using poly die attach. These graphs represent board 
mount still air thermal capabilities. Another, and final, ther- 
mal resistance trend will be noticed in these graphs. As the 
number of device pins increase in a DIP the thermal resist- 
ance decreases. Referring back to the thermal flow chart, 
this trend should, by now, be obvious. 

RATINGS ON INTERFACE CIRCUITS DATA SHEETS 

In conclusion, all National Semiconductor Linear Products 
define power dissipation (thermal) capability. This informa- 
tion can be found in the Absolute Maximum Ratings section 
of the data sheet. The thermal information shown in this 
application note represents average data for characteriza- 
tion of the indicated package. Actual thermal resistance can 
vary from ±10% to ±15% due to fluctuations in assembly 
quality, die shape, die thickness, distribution of heat sources 
on the die, etc. The numbers quoted in the linear data 


sheets reflect a 15% safety margin from the average num- 
bers found in this application note. Insuring that total pack- 
age power remains under a specified level will guarantee 
that the maximum junction temperature will not exceed the 
package maximum. 

The package power ratings are specified as a maximum 
power at 25°C ambient with an associated derating factor 
for ambient temperatures above 25°C. It is easy to deter- 
mine the power capability at an elevated temperature. The 
power specified at 25°C should be reduced by the derating 
factor for every degree of ambient temperature above 25°C. 
For example, in a given product data sheet the following will 
be found: 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 509 mW 

Molded Package 1476 mW 

* Derate cavity package at 1 0 mW/°C above 25°C; derate molded package 
at 11.8 mW/°C above 25°C. 

If the molded package is used at a maximum ambient tem- 
perature of 70°C, the package power capability is 945 mW. 
P D @ 70°C = 1 476 mW - (1 1 .8 mW/°C) X (70°C - 25°C) 

= 945 mW 


Molded (N Package) DIP* 
Copper Leadframe— HTP 
Die Attach Board Mount- 
Still Air 
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* Packages from 8- to 20-pin 0.3 mil width TL/H/9312-10 

22-pin 0.4 mil width 
24- to 40-pin 0.6 mil width 

FIGURE 10. Thermal Resistance vs Die Size 
vs Package Type (Molded Package) 



Cavity (J Package) DIP* 
Poly Die Attach Board 
Mount — Still Air 



1 2 3 4 5 6 7 8910 

DIE SIZE (kMIL 2 ) 


’Packages from 8- to 20-pin 0.3 mil width TL/H/9312-1 1 

22-pin 0.4 mil width 
24- to 48-pin 0.6 mil width 

FIGURE 1 1. Thermal Resistance vs Die Size 
vs Package Type (Cavity Package) 
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APPENDIX F 

How to Get the Right Information From a Data Sheet 

Not All Data Sheets Are Created Alike, and False Assumptions Could Cost an Engineer Time and Money 

By Robert A. Pease 


When a new product arrives in the marketplace, it hopefully 
will have a good, clear data sheet with it. 

The data sheet can show the prospective user how to apply 
the device, what performance specifications are guaranteed 
and various typical applications and characteristics. If the 
data-sheet writer has done a good job, the user can decide 
if the product will be valuable to him, exactly how well it will 
be of use to him and what precautions to take to avoid 
problems. 

SPECIFICATIONS 

The most important area of a data sheet specifies the char- 
acteristics that are guaranteed — and the test conditions that 
apply when the tests are done. Ideally, all specifications that 
the users will need will be spelled out clearly. If the product 
is similar to existing products, one can expect the data 
sheet to have a format similar to other devices. 

But, if there are significant changes and improvements that 
nobody has seen before, then the writer must clarify what is 
meant by each specification. Definitions of new phrases or 
characteristics may even have to be added as an appendix. 
For example, when fast-settling operational amplifiers were 
first introduced, some manufacturers defined settling time 
as the time after slewing before the output finally enters and 
stays within the error-band; but other manufacturers includ- 
ed the slewing time in their definition. Because both groups 
made their definitions clear, the user was unlikely to be con- 
fused or misled. 

However, the reader ought to be on the alert. In a few cas- 
es, the data-sheet writer is playing a specsmanship game, 
and is trying to show an inferior (to some users) aspect of a 
product in a light that makes it look superior (which it may 
be, to a couple of users). 

GUARANTEES 

When a data sheet specifies a guaranteed minimum value, 
what does it mean? An assumption might be made that the 
manufacturer has actually tested that specification and has 
great confidence that no part could fail that test and still be 
shipped. Yet that is not always the case. 

For instance, in the early days of op amps (20 years ago), 
the differential-input impedance might have been guaran- 
teed at 1 MO — but the manufacturer obviously did not mea- 
sure the impedance. When a customer insisted, “I have to 
know how you measure this impedance,” it had to be ex- 
plained that the impedance was not measured, but that the 
base current was. The correlation between ^ and Z in per- 
mitted the substitution of this simple dc test for a rather 
messy, noisy, hard-to-interpret test. 


Reprinted by permission from Electronic Engineering Times. 


Every year, for the last 20 years, manufacturers have been 
trying to explain, with varying success, why they do not mea- 
sure the Zj n per se, even though they do guarantee it. 

In other cases, the manufacturer may specify a test that can 
be made only on the die as it is probed on the wafer, but 
cannot be tested after the die is packaged because that 
signal is not accessible any longer. To avoid frustrating and 
confusing the customer, some manufacturers are establish- 
ing two classes of guaranteed specifications: 
o The tested limit represents a test that cannot be doubt- 
ed, one that is actually performed directly on 100 percent 
of the devices, 1 00 percent of the time. 

® The design limit covers other tests that may be indirect, 
implicit or simply guaranteed by the inherent design of 
the device, and is unlikely to cause a failure rate (on that 
test), even as high as one part per thousand. 

Why was this distinction made? Not just because customers 
wanted to know which specifications were guaranteed by 
testing, but because the quality-assurance group insisted 
that it was essential to separate the tested guarantees from 
the design limits so that the AQL (assurance-quality level) 
could be improved from 0.1 percent to down below 
100 ppm. 

Some data sheets guarantee characteristics that are quite 
expensive and difficult to test (even harder than noise) such 
as long-term drift (20 ppm or 50 ppm over 1 ,000 hours). 
The data sheet may not tell the reader if it is measured, 
tested or estimated. One manufacturer may perform a 100- 
percent test, while another states, ‘‘Guaranteed by sample 
testing.” This is not a very comforting assurance that a part 
is good, especially in a critical case where only a long-term 
test can prove if the device did meet the manufacturer’s 
specification. If in doubt, question the manufacturer. 

TYPICALS 

Next to a guaranteed specification, there is likely to be an- 
other in a column labeled “typical”. 

It might mean that the manufacturer once actually saw one 
part as good as that. It could indicate that half the parts are 
better than that specification, and half will be worse. But it is 
equally likely to mean that, five years ago, half the parts 
were better and half worse. It could easily signify that a few 
parts might be slightly better, and a few parts a lot worse; 
after all, if the noise of an amplifier is extremely close to the 
theoretical limit, one cannot expect to find anything much 
better than that, but there will always be a few noisy ones. 
If the specification of interest happens to be the bias current 
(lb) of an op amp, a user can expect broad variations. For 
example, if the specification is 200 nA maximum, there 
might be many parts where ^ is 40 nA on one batch (where 
the beta is high), and a month later, many parts where the ^ 
is 140 nA when the beta is low. 
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Absolute Maxi 

If Military/ Aerospace 
contact the Nationa 
Distributors for availa 

Supply Voltage 

Output Voltage 

Output Current 

Storage Temperature, 
TO-46 Package 
TO-92 Package 

DC Electrical < 

mum Ratings (Note id * 

specified devices are required, Lead Temp. (Soldering, 4 seconds) 

i Semiconductor Sales Office/ TO-46 Package + 300°C 

bility and specifications. TO-92 Package +260°C 

+ 35V to 0.2V Specified Operating Temp. Range (Note 2) 

+ 6V to — 1 .0V _ . _ 

TMINtOTMAX 

1 0 mA LM34, LM34A - 50°F to + 300°F 

LM34C, LM34CA -40°Fto +230°F 

— 76°F to + 356°F LM34D + 32°Fto +212°F 

— 76°F to + 300°F 

Characteristics (Note i, Note 6) 

Parameter 

Conditions 

LM34A 

LM34CA 

Units 

(Max) 

Typical 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Typical 

Tested 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Accuracy (Note 7) 

T A = + 77° F 

Ta = 0°F 

Ta = t M ax 

Ta = Tmin 

±0.4 

±0.6 

±0.8 

±0.8 

±1.0 

±2.0 

±2.0 


±0.4 

±0.6 

±0.8 

±0.8 

±1.0 

±2.0 

±2.0 

±3.0 

°F 

°F 

°F 

°F 

Nonlinearity (Note 8) 

TmIN ^ T a ^ TmaX 

± 0.35 


± 0.7 

± 0.30 


± 0.6 

°F 

Sensor Gain 
(Average Slope) 

Tmin ^ t a ^ t max 

+ 10.0 

+ 9 . 9 , 

+ 10.1 


+ 10.0 


+ 9 . 9 , 

+ 10.1 

mV/°F, min 
mV/°F, max 

Load Regulation 
(Note 3) 

Ta = +77°f 

Tmin ^ t a ^ T M ax 

0 ^ lj_ ^ 1 mA 

±0.4 

± 0.5 

±1.0 

± 3.0 

±0.4 

± 0.5 

±1.0 

± 3.0 

mV/mA 

mV/mA 

Line Regulation (Note 3) 

T A = +7TF 

5V ^ V s <; 30V 

±0.01 

±0.02 

±0.05 

±0.1 

±0.01 

±0.02 

±0.05 

±0.1 

mV/V 

mV/V 

Quiescent Current 
(Note 9) 

V s = +5V, + 77°F 

V s = + 5V 

V S = + 30V, + 77°F 

V s = +30V 

75 

131 

76 

132 

90 

92 

160 

163 

75 

116 

76 

117 

90 

92 

139 

142 

jaA 

jliA 

juA 

jllA 

Change of Quiescent 
Current (Note 3) 

4V ^ V s ^ 30V, + 77°F 

5V ^ V s ^ 30V 

+ 0.5 

+ 1.0 

2.0 

3.0 

0.5 

1.0 

2.0 

3.0 

jliA 

fxA 

Temperature Coefficient 
of Quiescent Current 


+ 0.30 


+ 0.5 

+ 0.30 


+ 0.5 

juA/°F 

Minimum Temperature 
for Rated Accuracy 

In circuit of Figure 1, 
l L = 0 

+ 3.0 


+ 5.0 

+ 3.0 


+ 5.0 

°F 

Long-Term Stability 

Tj = t max for 1000 hours 

±0.16 



±0.16 



°F 

Note 1: Unless otherwise noted, these specifications apply: -50°F ^ Tj £ + 300° F for the LM34 and LM34A; -40°F £ Tj ^ + 230°F for the LM34C and 
LM34CA; and + 32°F <; Tj <; + 212°F for the LM34D. V s = +5 Vdc and I LO ad = 50 ^A in the circuit of Figure 2; +6 Vdc for LM34 and LM34A for 230°F ^ Tj ^ 
300°F. These specifications also apply from +5°F to Tmax in the circuit of Figure 1. 

Note 2: Thermal resistance of the TO-46 package is 292°F/W junction to ambient and 43°F/W junction to case. Thermal resistance of the TO-92 package is 
324°F/W junction to ambient. 

Note 3: Regulation is measured at constant junction temperature using pulse testing with a low duty cycle. Changes in output due to heating effects can be 
computed by multiplying the internal dissipation by the thermal resistance. 

Note 4: Tested limits are guaranteed and 100% tested in production. 

Note 5: Design limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to 
calculate outgoing quality levels. 

Note 6: Specification in BOLDFACE TYPE apply over the full rated temperature range. 

Note 7: Accuracy is defined as the error between the output voltage and 1 0 mV/°F times the device’s case temperature at specified conditions of voltage, current, 
and temperature (expressed in °F). 

Note 8: Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line over the device’s rated temperature 
range. 

Note 9: Quiescent current is defined in the circuit of Figure 1. 

Note 10: Contact factory for availability of LM34CAZ. 

% 

Note 11: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when 
operating the device beyond its rated operating conditions (see Note 1). 
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A Point-By-Point Look 

Let’s look a little more closely at the data sheet of the Na- 
tional Semiconductor LM34, which happens to be a temper- 
ature sensor. 

Note 1 lists the nominal test conditions and test circuits in 
which all the characteristics are defined. Some additional 
test conditions are listed in the column “Conditions”, but 
Note 1 helps minimize the clutter. 

Note 2 gives the thermal impedance, (which may also be 
shown in a chart or table). 

Note 3 warns that an output impedance test, if done with a 
long pulse, could cause significant self-heating and thus, 
error. 

Note 6 is intended to show which specs apply at all rated 
temperatures. 

Note 7 is the definition of the “Accuracy” spec, and Note 8 
the definition for non-linearity. Note 9 states in what test 
circuit the quiescent current is defined. Note 10 indicates 
that one model of the family may not be available at the time 
of printing (but happens to be available now), and Note 1 1 is 
the definition of Absolute Max Ratings. 

* Note— the “4 seconds” soldering time is a new standard 
for plastic packages. 

** Note — the wording of Note 11 has been revised — this is 
the best wording we can devise, and we will use it on all 
future datasheets. 

APPLICATIONS 

Another important part of the data sheet is the applications 
section. It indicates the novel and conventional ways to use 
a device. Sometimes these applications are just little ideas 
to tweak a reader’s mind. After looking at a couple of appli- 
cations, one can invent other ideas that are useful. Some 
applications may be of no real interest or use. 

In other cases, an application circuit may be the complete 
definition of the system’s performance; it can be the test 
circuit in which the specification limits are defined, tested 
and guaranteed. But, in all other instances, the performance 
of a typical application circuit is not guaranteed, it is only 
typical. In many circumstances, the performance may de- 
pend on external components and their precision and 
matching. Some manufacturers have added a phrase to 
their data sheets: 

“Applications for any circuits contained in this document are 
for illustration purposes only and the manufacturer makes 
no representation or warranty that such applications will be 
suitable for the use indicated without further testing or modi- 
fication.” 

In the future, manufacturers may find it necessary to add 
disclaimers of this kind to avoid disappointing users with 
circuits that work well, much of the time, but cannot be easi- 
ly guaranteed. 

The applications section is also a good place to look for 
advice on quirks — potential drawbacks or little details that 
may not be so little when a user wants to know if a device 
will actually deliver the expected performance. 

For example, if a buffer can drive heavy loads and can han- 
dle fast signals cleanly (at no load), the maker isn’t doing 
anybody any favors if there is no mention that the distortion 
goes sky-high if the rated load is applied. 


Another example is the application hint for the LF1 56 family: 
“Exceeding the negative common-mode limit on either input 
will cause a reversal of the phase to output and force the 
amplifier output to the corresponding high or low state. Ex- 
ceeding the negative common-mode limit on both inputs will 
force the amplifier output to a high state. In neither case 
does a latch occur, since raising the input back within the 
common-mode range again puts the input stage and, thus 
the amplifier, in a normal operating mode.” 

That’s the kind of information a manufacturer should really 
give to a data-sheet reader because no one could ever 
guess it. 

Sometimes, a writer slips a quirk into a characteristic curve, 
but it’s wiser to draw attention to it with a line of text. This is 
because it’s better to make the user sad before one gets 
started, rather than when one goes into production. Con- 
versely, if a user is going to spend more than 10 minutes 
using a new product, one ought to spend a full five minutes 
reading the entire data sheet. 

FINE PRINT 

What other fine print can be found on a data sheet? Some- 
times the front page may be marked “advance” or “prelimi- 
nary.” Then on the back page, the fine print may say some- 
thing such as: 

“This data sheet contains preliminary limits and design 
specifications. Supplemental information will be published 
at a later date. The manufacturer reserves the right to make 
changes in the products contained in this document in order 
to improve design or performance and to supply the best 
possible products. We also assume no responsibility for the 
use of any circuits described herein, convey no license un- 
der any patent or other right and make no representation 
that the circuits are free from patent infringement.” 

In fact, after a device is released to the marketplace in a 
preliminary status, the engineers love to make small im- 
provements and upgrades in specifications and characteris- 
tics, and hate to degrade a specification from its first pub- 
lished value — but occasionally that is necessary. 

Another item in the fine print is the manufacturer’s tele- 
phone number. Usually it is best to refer questions to the 
local sales representative or field-applications engineer, be- 
cause they may know the answer or they may be best able 
to put a questioner in touch with the right person at the 
factory. 

Occasionally, the factory’s applications engineers have all 
the information. Other times, they have to bring in product 
engineers, test engineers or marketing people. And some- 
times the answer can’t be generated quickly — data have to 
be gathered, opinions solidified or policies formulated be- 
fore the manufacturer can answer the question. Still, the 
telephone number is the key to getting the factory to help. 

ORIGINS OF DATA SHEETS 

Of course, historically, most data sheets for a class of prod- 
ucts have been closely modeled on the data sheet of the 
forerunner of that class. The first data sheet was copied to 
make new versions. 

That’s the way it happened with the UA709 (the first mono- 
lithic op amp) and all its copies, as well as many other simi- 
lar families of circuits. 
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Even today, an attempt is made to build on the good things 
learned from the past and add a few improvements when 
necessary. But, it’s important to have real improvements, 
not just change for the sake of change. 

So, while it’s not easy to get the format and everything in it 
exactly right to please everybody, new data sheets are con- 
tinually surfacing with new features, applications ideas, 
specifications and aids for the user. And, if the users com- 
plain loudly enough about misleading or inadequate data 
sheets, they can help lead the way to change data sheets. 
That’s how many of today’s improvements came about — 
through customer demand. 

Who writes data sheets? In some cases, a marketing per- 
son does the actual writing and engineers do the checking. 
In other companies, the engineer writes, while marketing 
people and other engineers check. Sometimes, a commit- 
tee seems to be doing the writing. None of these ways is 
necessarily wrong. 

For example, one approach might be: The original designer 
of the product writes the data sheet (inside his head) at the 
same time the product is designed. The concept here is, if 
one can’t find the proper ingredients for a data sheet — good 
applications, convenient features for the user and nicely 
tested specifications as the part is being designed— then 
maybe it’s not a very good product until all those ingredients 
are completed. Thus, the collection of raw materials for a 
good data sheet is an integral part of the design of a prod- 
uct. The actual assembly of these materials is an art which 
can take place later. 


WHEN TO WRITE DATA SHEETS 

A new product becomes available. The applications engi- 
neers start evaluating their application circuits and the test 
engineers examine their production test equipment. 

But how can the users evaluate the new device? They have 
to have a data sheet — which is still in the process of being 
written. Every week, as the data sheet writer tries to polish 
and refine the incipient data sheet, other engineers are re- 
porting, “These spec limits and conditions have to be re- 
vised,’’ and, “Those application circuits don’t work like we 
thought they would; we’ll have one running in a couple of 
days.” The marketing people insist that the data sheet must 
be finalized and frozen right away so that they can start 
printing copies to go out with evaluation samples. 

These trying conditions may explain why data sheets always 
seem to have been thrown together under panic conditions 
and why they have so many rough spots. Users should be 
aware of the conflicting requirements: Getting a data sheet 
“as completely as possible” and “as accurately as possi- 
ble” is compromised if one wants to get the data sheet “as 
quickly as possible.” 

The reader should always question the manufacturer. What 
are the alternatives? By not asking the right question, a mis- 
understanding could arise; getting angry with the manufac- 
turer is not to anyone’s advantage. 

Robert Pease has been staff scientist at National Semicon- 
ductor Corp., Santa Clara, Calif., for eleven years. He has 
designed numerous op amps, data converters, voltage reg- 
ulators and analog-circuit functions. 
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Obsoiete Product Replacement Guide 


Some device types, individual temperature grades and package options have been discontinued. This guide is provided to help 
design engineers select and specify an appropriate alternative. 


Note 1: IMPROVED REPLACEMENT: Pin for Pin replacement with superior electrical specifications. 

Note 2: FUNCTIONAL REPLACEMENT: Consult datasheet to determine suitability of the replacement for specific application. 

Note 3: SIMILAR DEVICE with superior performance: Consult datasheet to determine suitability of the replacement for specific application. 


NSC Part Number 

Replacement 

Note 

LM1821S 

LM1823 

2 

LM1822 

LM1823 

3 

LM1828 

no replacement 


LM1848 

no replacement 


LM1 877N-1 /N-2/N-3 

LM1877N-9 

2 

LM2003 

no replacement 


LM2808 

no replacement 


LM2831 

LM1851 

2 

LM3011 

no replacement 


LM3064 

no replacement 


LM3075 

no replacement 


TBA120V 

no replacement 


TBA440C 

LM1823 

2 

TBA510 

no replacement 


TBA530 

no replacement 


TBA540 

no replacement 


TBA560C 

no replacement 


TBA920 

no replacement 


TBA950-2 

no replacement 


TBA970 

no replacement 


TBA990 

no replacement 


TDA440 

no replacement 


TDA2522/23 

no replacement 


TDA2530 

no replacement 


TDA2530/31 

no replacement 


TDA2540/41 

no replacement 


TDA2560 

no replacement 


TDA2590 

no replacement 


TDA3500 

no replacement 



NSC Part Number 

Replacement 

Note 

ADB1200 

ADC371 1 

2 

DAC1 200/1 201 

DAC1265 

2 

LF352 

LM3631 

2 

LF13300 

ADC3711 

2 

LH0001 

LM4250 

2 

LH0005/LH0005A 

LH0003 

2 

LH0037 

LH0036 

3 

LH0132 

LH0032 

2 

LH2011 

LM1 1 

2 

LH2108 

LM108 

2 

LH2201A 

LM201A 

2 

LH2208 

LM208 

2 

LH2208A 

LM208A 

2 

LH2308 

LM308 

2 

LH24250 

LM1 1 

2 

LM 170/270/370 

LM13600N 

2 

LM1 71/271/371 

no replacement 


LM1 72/272/372 

no replacement 


LM1 73/273/373 

no replacement 


LM1 74/274/374 

no replacement 


LM1 75/275/375 

no replacement 


LM216/316 

LM11 

2 

LM388N-2/N-3 

LM388N-1 

2 

LM377N 

LM2877P 

3 

LM378N 

LM2878P 

3 

LM379 

LM2879T 

3 

LM1014 

no replacement 


LM1017 

no replacement 


LM1019 

no replacement 
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Appendix H 

Products Not Recommended for New Designs 


The popular National Semiconductor Corporation monolithic IC’s may have been designed into your systems. We believe that 
there are more cost-effective circuits manufactured by National Semiconductor Corporation that should be considered in your 
new designs. These recommendations are listed in this section. To eliminate the necessity to redesign proven equipment, we 
are continuing to make these products for use in existing designs for which they were uniquely suitable. 


NSC Part Number 

Recommended 

Replacement 

Note 

AF100 

LMF100 

3 

AF150 

LMF100 

3 

AF151 

LMF100 

3 

AH0014 

LMC1 3421 /LMC1 3422 

3 

AH0015 

LMC1 3421 /LMC1 3422 

3 

AH0019 

LMC1 3421 /LMC1 3422 

3 

LH0023 

LF198/LF298 

2 

LH2101A 

LM101A 

2 

LH2108A 

LM108A 

2 

LH2110 

LM110 

2 

LH2111 

LM111 

2 

LH2210 

LM210 

2 

LH2211 

LM211 

2 

LH2301A 

LM301A 

2 

LH2308A 

LM308A 

2 

LH2310 

LM310 

2 

LH2311 

LM311 

2 

LM103 

LM185 

3 

LM113 

LM1851-2 

1 

LM313 

LM3851-2 

1 

LM377N 

LM1877N-9 

2 

LM377N 

LM2877P 

3 

LM378N 

LM2878P 

3 

LM391N-60 

LM391N-100 

1 

LM391N-80 

LM391N-100 

1 

LM709 

LF441 

3 

LM710 

LM106 

2 

LM725 

LM607 

3 

LM748 

LF441 

3 


Notes: 

Note 1: IMPROVED REPLACEMENT: Pin for Pin replacement with superior electrical specifications. 

Note 2: FUNCTIONAL REPLACEMENT: Consult datasheet to determine suitability of the replacement for specific application. 

Note 3: SIMILAR DEVICE with superior performance: Consult datasheet to determine suitability of the replacement for specific application. 
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